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Members of Congress Sitting as a Committee on Army Appropriations Get Their Data by Radio ’Phone 


Instructing Wireless Students by the Movie Screen 
The Design of Multi-Stage Vacuum Tube Receiving Circuits 
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Standard of the World for High Frequency Currents Used by UNITED 
STATES NAVY and ARMY, and the Wireless Telegraph and Telephone 


Companies 


“By courier, coach and sail-boat, it 
took days for the news of Waterloo 
to reach London. During Lieut. 
Commander Read’s flight to Halifax, 
Assistant Secretary Roosevelt in 
Washington sent a radio message to 
NC-4, of whose position in air he had 
no knowledge. In three minutes he 
had a reply.” 


Extract from New York World, June 8, 
1919. 


6 
U. 8. S. Cassin and U. S. 8S. McDougal Working Up a Smoke U. 8. & G-2—ELECTROSE Equipped. 
Screen—ELECTROSE Equipped. 


Medal and 
Diploma received 
at World’s 
Columbian Expo- 
sition, Chicago, 
1893 
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Thermo-Ammeters, Milliammeters 


and Current-Squared Meters 


For Radio Service 


v 


Sodel 425 lnutruiisests 


(3% inches in diameter) 


are particularly adapted for use on small- 
size Radio panels where space is an im- 
portant factor. 


These Instruments are unaffected by 
temperature changes; have 50% safe over- 
load capacity; are low in power con- 
sumption. 


They are for use on Audio and Radio 
frequencies. 


The Current Squared Meter is ideal for 
use on wave meters and wherever decre- 
ment measurements are to be made. 





Write for information 


Weston Electrical Instrument Company,.27 Weston Ave., Newark, N. J. 


New York Cleveland Denver Buffalo Rochester Halifax 
Chicago Detroit Cincinnati Minneapolis Seattle ‘Winnipeg 
Philadelphia St. Louis Pittsburgh New Orleans Toronto Vancouver 
Boston San Francisco Richmond Jacksonville Montreal Calgary, Alta. 


And in Principal Cities Throughout the World 
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~~ Owing to the fact that certain statements and expressions of opinion from correspordents and others appearing in these columns 
from time to time may be found to be the subject of controversy in scientific circles and in the courts, either now or in the future, and 
to sometimes involve questions of priority of invention and the comparative merits of apparatus employed in wireless signaling, the 
owners and publishers of this magazine positively and emphatically disclaim any privity or responsibility for any statements of opinion 
or partisan expressions if such should at any time appear herein. 


Learn The Code 
With The OMNIGRAPH 


The Omnigraph Automatic Transmitter will teach you the Code—at home—in the shortest possible time and at the 
least possible expense. Connected with Buzzer or Buzzer and Phone, the Omnigraph will send you unlimited Conti- 
nental messages, by the hour, at any speed you desire. It will bring an expert Operator—right into your home—and will 
quickly qualify you to pass the examination for a first grade license, 





























4341 Richardson Ave., 
ew York City. 
Jan. 21, 1920. 






THE OMNIGRAPH MFG, CO. 
Cortlandt Street, New York. 

Gentlemen:—I wish briefly to commend your very excellent Automatic Transmitter. Re- 
cently I was successful in obtaining a first-class Commercial Radio License and I believe 
that the Omnigraph was: my principal aid. 

I took a four weeks course at a Resident Radio School in Theory only. I relied on the 
Omnigraph to get my Code to the proper speed, and the Omnigraph did it. 

I was one of two in a class of eighteen to obtain a first-class License. The stumbling 
block for the others was CODE And I know that a short time receiving Omni- 
graph messages daily would have enabled them to pass the examination as easily as I did. 

I believe the Camtgragh to be the easiest, quickest and cheapest method to learn the 
International Morse Co 



















Cordially yours, 
(Signed) GEO. E. SELLERS. 







The Omnigraph is used by several departments of the U. S. Government and by a large number of the leading Uni- 
versities, Colleges, Technical and Telegraph Schools throughout the U. S. and Canada. 

The Omnigraph is also used by the Bureau of Navigation in testing applicants applying for a Radio License. 

Thousands have learned both the Morse and Wireless Codes with the Omnigraph. 

Send for free catalog describing three models—$12 to $28. Do it to-day. The Omnigraph is sold under the strong- 
est of guarantees—if not as represented, your money back for the asking. 


THE OMNIGRAPH MFG. CO., 39C Cortlandt St, N. Y. 
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_[WAGNAVOX 


RADIO TELEMEGAFONE 


When used with one or more stages of amplification will reproduce 
signals with great volume. For the small fraction of a watt output of 
~ receiver that is available for the production of signals, the 

















ONNECT “AA” 


to your detector or AGNAVOX 'TELEMEGAFONE Will produce the greatest volume of sound 
amplifier, and « BB” With Small Horn, as Illustrated - $75.00 
to a 6-volt battery With Large Music Master Horn . « « « Q300 


Ware ror Butitetix No. 2102 


Pavrenven ix U.S.A and FortiGn COUNTRIES 
2701-2765 East 14™ STREET 
OAKLAND, CALIFORNIA 











Quick Service 
Fine Quality 





Bronze and Aluminum 
Castings of the Better Grade 


Our facilities enable us to make prompt shipments of quality castings in 
large quantities at attractive prices. 


Castings guaranteed true to pattern. 







Let us quote on your requirements. 





Bronze Rods and Bushing Castings 





Fischer-Sweeny Bronze Company 
HOBOKEN, NEW JERSEY ) 
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F ederal Radio Accéssories and Parts 


Are Distinguished for Their 


Reliability, Quality and Efficiency. 
WRITE FOR BULLETIN 101 AND 102 
federal Type A,N°226 Transformer 
K7ClassI 


| 





V7 Class 2 








Detector 
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No. 226-W Type A tity, No. 52-W 2200 Ohms 

















AUDIO FREQUENCY 4l}0]0 [01 : 
Transformer 60 Kets LIBERTY HEAD SET 


$7.10 each CIRCUIT WITH TWO STAGE AMPLIFIER $12.50 per set 


One 226-W Transformer with one Marconi V. T. gives an energy amplification of 400 times. 
(Audibility amplification of 20 times.) 


Two 226-W Transformers with two Marconi V. T.’s give an energy amplification of 160,000 times. 
(Audibility amplification of 400 times.) 


Federal Telegraph and Telephone Co. 


Buffalo, New York 














Every Month in the Year 


brings its need for new 


RADIO EQUIPMENT 





Whether it is a Transformer, Condenser, Quenched Gap, Radiophone or Vacuum 
Tube you are assured that we carry it in stock. 

And so—the next time you find it necessary to add to your equipment, why 
not write us for price and description of the particular piece of apparatus you 
require ? 


Bulletin 14 will be sent upon receipt of 10 cents— 
amount may be deducted on first dollar order. 


ATLANTIC RADIO CO., Inc. 


88 BROAD ST. BOSTON 9, MASS. 
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isco Agencies. 


RADISCO. BETTER “B” BATTERY 


is made according to Government specifications in two (2) sizes— 
3%x2x2%" and 6%x4x3". A first-class 15 cell, 5 group battery, VARI- 
ABLE VOLTAGE (Pat. applied for) is a special feature of this bat- 
tery which enables you to provide critical voltage regulation for your 
vacuum tube by means of a switch connection with cells, taps of 


which have been taken off.. Very economical and convenient. 


If one 


cell goes bad just test each group of 3 cells and short circuit the bad 


one. 


Price, small size, $1.40. Large size, $2.40, at any agency, or if 


ordered by mail include postage for 2 pounds on small size and 5 


pounds on large size, 


RADISCO AGENTS carry only apparatus of proven merit. Look for 
the Radisco trade mark on all parts you buy and be sure of getting 


efficient apparatus. 


Two Famous 


RADISCO SPECIALTIES 


RADISCO COILS 


conceded by several well known Radio Men to be far superior 
to any similar type of Inductances. 
tapped and plain. Wave length range from 200 to 20,000 meters, 
priced from 70c. to $4.85. Plentiful supply in stock at all Rad- 








Made in seventeen sizes, 
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(MAGE ACCOMOMS TOL 6 COVER Em mENT BeBe ca Ome 
RADIO DISTRIBUTING CO. 
NEWARK 








Below are listed a few of the reliable firms who carry the RADISCO COILS, Better “B” Batteries and are our 
Agents for all other standard apparatus of merit. 


COMMUNICATE YOUR WAN TS TO THEM. 


ALBANY, N. Y. 
E. L. Long, 
21 Magnolia Terrace ~ 


ATLANTIC CITY, N. J. 
Independent Radio Supply Co. 
118 So. New Jersey Ave. 

BALTIMORE, MD. 

Radio Engineering Co., 
614 No. Calvert St. 

BEINVILLE, QUEBEC, CAN. 
Canadian Radio Mfg. Co. 

BOSTON, MASS. 

Atlantic Radio Co., 
88 Broad Street 

BROOKLYN, N. Y. 

Kelly & Phillips Electric Co., 
312 Flatbush Ave. 

BRONX, NEW YORK 

Amateur Wireless Equipment 


Co., 
1390 Prospect Ave. 


CHICAGO, ILL. 
Chicago Radio Laboratories, 
1316 Carmen Ave. 


EUREKA, PEORIA, 
ILLINOIS 


Klaus Radio Co. 


HAMPTON, N. H. 
DeLancey Felch & Co., 


LOS ANGELES, CALIF. 
The Wireless Shop, 
511 W. Washington St. 


McKEESPORT, PA. 
K, & L. Electric Co., 
427 Olive Street. 


NEW ORLEANS, LA. 
L. A. Rose, 
121 Camp Street 
NEWARK, N. J. 
A. H. Corwin & Co., 
4 West Park Street. 


NEWCASTLE, PA. 
Pennsylvania Wireless Mfg. Co., 
507 Florence Ave. “SHA” 
PHILADELPHIA, PA. 
Philadelphia School of Wireless 


Telegraphy, 
Broad and Cherry Streets. 


If none of the above agencies are in your vicinity, communicate with 


RADIO DISTRIBUTING COMPANY Pate 


PROVIDENCE, R. I. 
Rhode Island Elec. Equip. Co., 
45 Washington Street. 


PITTSBURG, PA. 
Radio Electric Co., 
4521 Forbes St. 


_ SCRANTON, PA. 


Shotton Radio Mfg. Co., 
P. O. Box 3 

Branch 8 Kingsbury St., 
Jamestown, N. Y. 


SPRINGFIELD, MASS. 
Electric Service Co., 
585 Armory Street. 


TORONTO, ONT., CAN. 
The Vimy Supply Co.. 
585 College Street. 


WASHINGTON, D. C. 
National Radio Supply Co., 
1405 U Street, N. W. 


WICHITA, KAN. 
The Cosradio Co., 


1725 Fairmount Ave. 


Newark, New Jersey 
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WIRELESS IMPROVEMENT COMPANY 


RADIO ENGINEERS, MANUFACTURERS AND DISTRIBUTORS 
47 WEST STREET, NEW YORK, U. S. A. 


May lst, 1920. 


TO DEALERS IN HIGH GRADE RADIO APPARATUS— 
Gentlemen:— 


Our contention that there exists a large and growing demand on 
the part of the high grade amateur, experimenter, college and laboratory 
for radio apparatus of the same grade of design, workmanship and material as is 
demanded and secured by the United States Navy has been amply proven by the 
ever increasing volume of orders which we are receiving direct from the user. 
While everybody cannot pay the price for this type of equipment, the fact 
remains that practically all who see our apparatus find ways and means of 
buying it because they realize that it is far more economical and satisfactory 
in the long run to possess the best that can be had as regards design and work- 
manship and they are generally willing to follow the Navy’s lead in this 
respect. 


Heretofore no effort cn -ur part has been made to put this 
equipment before the amateurs and experimenters through dealers because our 
commercial, Government and foreign orders have occupied our constant 
attention. 


We feel, however, that the amateur and experimenter of today is 
the commercial or Government employee of tomorrow and that it is to his and 
our benefit that he now become acquainted with the type of apparatus he must 
eventually use, even though it costs a little more than the typically amateurish 
apparatus with which the country is flooded. 


If you believe as we do and if you are the best, or on a par with 
the best,dealer in your territory, we have an interesting proposal whereby you 
may secure the exclusive agency for our equipment. 


We recently tried out this idea by giving our exclusive agency 
for a large Eastern city to a live-wire dealer. The results were immediate 
and phenomenal. Orders are pouring in and, if we had a few more dealers like 
him in the principal cities of the country, we feel sure that our amateur 
and experimental trade would soon rival our commercial and Government busi- 
ness, the same apparatus being sold to both trades. 


Are you such a dealer? If so, write us. 
Yours very truly, 


WIRELESS IMPROVEMENT COMPANY 
Radio Engineers, Manufacturers and Distributors 
47 West Street, New York, U. S. A. 


If this page is cut out and appended to the same page cut from the editions to fol- 
low, a complete file of very interesting information will soon be available. (No. 5) 
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Marconi Leaves On Testing Trip in Mediterranean 
fp UGLIELO MARCONI is working out the details 

of an invention which will enable wireless stations 
to tell the exact location of any ship that reports herself 
in distress. Mr. Marconi has begun a cruise in the Med- 
iterranean to make tests. 

Mr. Marconi was asked if he would attempt to com- 
municate with Mars, as was recently reported. He re- 
plied : 

“No effort will be made to send wireless communica- 
tions to Mars or receive them. Our vessel will be 
equipped with sending apparatus having a radius of 3,000 
miles only. We are taking two sets for experimental pur- 

ses. One is of % a kilowatt strength, with a radius 
of 300 miles for telephone and 500 miles for telegraph. 
The second is of 3 kilowatts strength, with a radius of 
1,000 miles for telephone and 3,000 miles for telegraph. 

“I am more interested at this time in practical devel- 
opment of the wireless telephone than vague electrical 
impulses’: which may come from wireless apparatus on 
some other planet. However, the experimental labora- 
tory is keeping in close touch with such phenomena, and 
when it occurs notes are being taken, in an effort to 
determine the source and meaning of the wireless waves. 

“We hope that soon lighthouses and ships can be 
equipped with instruments that will enable them to tell 
precisely the location of any ship at sea that reports her- 


self helpless.” 


Radiophone an Aid to Legislation at Washington 
A RADIO telephone was used to gather information 

for members of Congress at Washington when the 
hearings were held on the Army Appropriation bill be- 
fore the House Military. Affairs Committee. It was the 
first time on record that the new invention was used 
for such a purpose. 

Whenever a question arose on which the committee 
desired information Major General Lord, Chief Finance 
Officer of the Army, was called on the radiophone. Head- 
gear was provided for all members of the committee so 
they could hear the questions and answers. 


Music by Radiophone From San Francisco to 
Victoria, B. C. 

E A. HAUGHTON, radio superintendent of the Cana- 

* dian Government, reports that he was recently 
working on a long wave length in his wireless sta- 
tion in Victoria, British Columbia, when he heard the 
following conversation : 

“Hello, Point Arguello. This is San Francisco. Wait 
4 moment and I’ll play you a record.” 

Haughton then heard a record of “The Star-Spangled 
Banner” played. 
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Radiophone Service Between England and Holland 
IRELESS telephone communication between Eng- 
land and Holland is about to be opened. Results 
with test calls have been excellent, it is announced, ton- 
versations having been carried on up to a distance of 


1,200 miles. 


(iA 


Radio Service for Wanamaker Stores 
A FTER being out of operation since April, 1917, the 
wireless station on the roof of the John Wanamaker 
store in Philadelphia has been restored and is ready for 
regular communication with the New York store. 

All the hurry-up messages necessary between the two 
stores will. be sent regularly by wireless instead of by 
telegraph. The antennae for the receiving of messages 
are 350 feet from the the ground, the poles being 130 
feet high from the roof of the building. The wireless 
equipment installed is largely that which was dismantled 
at the beginning of the war. Testing or “tuning up” was 
done under the direction of E. M. Hartley, district man- 
ager for the Radio Corporation of America. 


Rogers Honored by Maryland Assembly 

D®: J. HARRIS ROGERS, of Hyattsville, Md., de- 

veloper of underground and underwater radio, has 
been extended a vote of thanks in a joint resolution 
unanimously adopted by the Maryland State Assembly. 
The resolution was introduced in the Senate by Oliver 
Metzerott and in the House by Clarence Roberts. 

General Electric Company’s Radio Report 
TH E pamphlet report of the General Electric Company 

for 1919, which has just been issued, contains the 
following statement by C. A. Coffin, Chairman of the 
Board: 

“Your company has for several years been engaged in 
its research laboratories and factories in the development 
and manufacture of apparatus and devices essential to 
the transmission and reception of wireless communica- 
tions. Its inventions have had a far-reaching effect on 
the entire radio art. The Marconi Wireless Telegraph 
Company of America is also the owner of valuable pat- 
ents, rights and licenses, and it has seemed wise to the 
Boards of Directors of both companies that their research 
and engineering resources should hereafter be used in 
closest co-operation. To this end, and in order to secure 
the benefits of the long and varied electrical manufactur- 
ing experience of the General Company on the one hand 
and the operating experience of the Marconi Company 
on the other, a new company has been formed, known as 
the Radio Corporation of America, in which both your 
company and the Marconi Company have accepted a con- 
siderable participation.” 
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Wireless Operators Needed for Alaska 
LJEUt. COL. F. B. SHAW, chief of Army recruit- 
ing in Boston, has been urged by the War Depart- 
ment to recruit radio and telegraph operators for the 
Signal Corps, for service in Alaska. Men accepted in 
New England will be instructed at Camp Alfred Vail, 

Little Silver, N. J., and sent to Alaska promptly. 


——e— 


Oriental Radio Rates Reduced 
"THE Radio Corporation of America announces that 
the rate for wireless dispatches between San Fran- 
cisco and Japan were reduced from 80 to 72 cents a 
word, beginning April 1. 


General view of the power room of the Arlington station showing switch- 
boards at left and the 30 kw. arc transmitter at top 


Japan Erects Tall Concrete Wireless Masts 
‘THE highest concrete poles in the world (660 feet) 

are being erected at Tomioka-cho, in Fukushima Pre- 
fecture, Japan, for the new wireless stations which will 
be opened soon, especially for communication between 
Japan and the United States. One station will receive 
and the other will send. The capacity each way is about 
8,000 words a day. 


Vancouver-Victoria, B. C., Radiophone Service Opens 


HE Marconi Company of Canada has installed a 

wireless telephone apparatus at Vancouver, B. C. 

and at Victoria and will open a service within a few days. 

The plant has a radius of over 500 miles. It is planned 

to place stations throughout Canada. The success of 

‘the Montreal Rimouski experiment has led to the present 
development in this branch of utility. 


——t— 


Resumption of Radio Service Pleases San Francisco 
Business Men 


GHIPPING men, operators, exporters and importers an- 

nounce that the resumption of the wireless service 
by the Radio Corporation of America will prove an ad- 
vantage to all concerned and that it will be possible to 
get messages through between this country and the Far 
East with the same degree of regularity that obtained 
before the war. Instead of, waiting three weeks for re- 
plies, it will be possible to get returns in two and three 
days at most. This will have a beneficial effect upon all 
overseas shipping and will stimulate the movement of 
commerce and the sale of merchandise. 


May, 1920 


Wireless on Chinese Wall Unite Ancient and Modern 
Wonders 

REINFORCED concrete wireless mast of large 

dimensions has been erected upon the Chinese wall 
for the use of the American navy. It is 164 feet in height, 
The original program called for the making of the mast 
by the precast method in two parts, and then erecting 
them by means of derricks, but an accident occurred 
while the erection was taking place and an American 
engineer and four coolies were killed. The method of 
forming in molds was then tried, and although it was 
much more expensive than the other, it was successfully 


carried out. 


English Use Wireless for Police in Ireland 


I N consequence of the frequency with which telephone 

and telegraph wires in Ireland are being cut out, the 
government has decided on an extensive use of wire- 
less telephony there, says the Daily Mail, London. 

Naval signal men are being employed to start the sys- 
tem, and the newspaper intimates that portable telephones 
with a radius of about thirty miles are being employed in 
transmitting messages from one po‘ice station to another 
or between adjacent towns. It is asserted that the system 
has proved satisfactory. 


=k 


Oregon Pilot Commissioners Want Wireless Service 


HE Oregon State Board of Pilot Commissioners 

voted at a meeting to ask the Port of Portland Com- 
mission to restore the radio apparatus and service of the 
bar tug Oneonta. The bar tug’s radio set, which was: of: 
considerable assistance in receiving reports of vessels in 
distress off the Oregon coast or reaching the mouth of 
the Columbia in need of a pilot, was dismantled with the 
outbreak of the war and has not been replaced. 

As the radio station at North Head is operated by the 
United States navy, all messages received by it are re- 
layed to the Bremerton navy yard before they are placed 
on a commercial wire, and some complaint has been 
made that the service thus is not so rapid as it might be. 
The board of pilot commissioners, acting on this matter, 
joined the Astoria port commission in asking the navy 
department that some change be made to facilitate the 


radio service. 


Wireless Withstands Effects of Aurora Borealis in 
New York 


HE Aurora Borealis, or Northern lights, made a bril- 
liant display in the heavens in New York recently 
and up to 2 o'clock in the morning the wonderful stream- 
ers danced, shivered and waved over nearly the whole 
visible sky. The display appeared more vivid and strong 
in the north and northwest, but the banners of mystic 
light repeatedly shot up to the zenith, or uppermost part 
of the celestial sphere, where they met in an apex or hub. 
As usual, the effects of the aurora was promptly felt 
in the offices of cable, telephone and telegraph companies, 
communication being seriously interfered with. Wireless 
service was also affected, but in a less degree. 

The aurora, which is seldom visible in New York skies, 
is a common spectacle in Arctic regions. 

Scientists have little to say in explanation of its oc- 
currence, except that it is the result of magnetic activity 
in the upper region of the earth’s atmosphere, these dis- 
turbances, in turn, being mysteriously associated with the 
frequency of sun spots. 
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Wireless Concert Aboard the Mauretania 

S. TODD, of Hartford, Conn., who has just re- 

* turned from a trip to England and Scotland, says 

that the Steamship Mauretania had a unique experience 

before leaving Southampton on her last voyage. A wire- 

less message was received by her captain from the Mar- 

coni works at Chelmsford, Essex, as follows: “Hear 

demonstration of wireless telephone from the Marconi 
works, Chelmsford.” 

The Cunard Bulletin, issued while the Mauretania was 
en route for New York, contained the following descrip- 
tion of that concert. 

“There followed immediately a summary of the day’s 
news and the listeners on board the ship were asked to 
‘wait a minute.’ Suddenly, the voice of a soprano sing- 
ing ‘Land of Hope and Glory’ was heard distinctly, fol- 
lowed by a rich baritone who rendered “The Trumpeter.’ 
A violin solo was clear and resonant, as was the voice 
of the lady who sang ‘There’s an Old-Fashioned House 
in an Old-Fashioned Town.’ The little concert closed 
with the national anthem played on the cornet. Then the 
call: ‘How did you enjoy the concert? The Marconi 
works are closing for the night but another demonstra- 
tion will be concluded to-morrow morning at 11:15, 
Greenwich time. Good night!’ 

“Although only six ear pieces were used in the cabin 
on board the ship, it was possible for six other persons 
to overhear the demonstration distinctly. The voices 
were almost too loud, but that may have been due to 
the extreme sensitiveness of the ship’s installation. 

“At the time the concert was held, the Mauretania was 
100 miles away from the works.” 

(ig 


Charlestown Navy Yard to Use Radiophone 
[% order to expedite conversations between naval ships 

coming in and going out a wireless telephone has 
been established at the Charlestown navy yard. It fre- 
quently happens that commanding officers of ships desire 
to talk with the commandant of the yard and they have 
to resort to the wireless. The telephone will have a speak- 
ing radius of 10 miles during the day time. 

KH 


Destitute Austrian Operators Appeal for Aid 
N appeal to brother wireless operators has been re- 
ceived from the Austrians at the Deutschenburg 
Station and the following radiogram: sent via Lyons, 
France, to the Ottercliff Station: 

“In sorrowful condition of nourishment in Austria 
we beg the American wireless operators as com- 
mands to help us with Dollapackets. None of us have 
relations in the United States, but each of us has 
been very often with the ex-Austrian steamers as 
wireless operators. The number of members of this 
wireless station is sixteen. With foremost thanks, 


THE WIRELESS OPERATORS OF THE 
AUSTRIAN STATION DEUTSCHENBURG.” 

This is a humane appeal which many of the wireless 
Operators are going to answer. A substantial fund has 
already been collected. All readers of THe WIRELESS 
AcE are invited to help out. 

The “Dollapackets” contain a dollar’s worth of food 
—and the Austrian operators need food badly. Further 
comments are unnecessary. 

Let us show them by quick action that the American 
radio men are really and truly the foremost members 
of the great fraternity of men who never fail—especially 
where an S.O.S. call of distress commands their action. 
This is obviously a call of distress. 

Those who would like to be of some service to the 
suffering radioists abroad are invited to send their con- 
tions to the “Dollapacket Fund,” c/o THE WIRELEsS 

GE. 


WORLD WIDE WIRELESS 











Senate Passes Radio Bill 
ENATOR POINDEXTER’S bill authorizing the 
Navy Department to operate certain radio stations 
for transmission of press and commercial messages was 
passed by the Senate March 10 without a record vote 
after it had been amended to provide that private busi- 
ness should not be handled at less than cost. 

Senator Phelan, Democrat, California, put into the 
record a letter from Secretary Daniels urging some such 
legislation, and one from V. S. McClatchy, of the Sacra- 
mento Bee, declaring that provision for transmission of 
news to the Orient at a low rate would be a powerful 
factor in promoting good relations with Japan. 

The bill expressly provides, Senator Poindexter 
pointed out, that special low rates be established for press 
dispatches. 





Section of the power room showing 100 kw. spark transmitter of the U. S. 
naval high power. station at Arlington 


American Marconi Company Dissolved 

TOCKHOLDERS of the Marconi Wireless Tele- 

graph Co. of America at a special meeting held April 
6, voted to dissolve the company. This action finally 
concludes a plan whereby the assets of the Marconi Wire- 
less Telegraph Co. with certain exceptions, are to be 
taken over by the Radio Corporation of America: Hence- 
forth the business of the company will be conducted 
under the latter name. 


President Wilson’s Wireless to Open Air Meet 
PRESIDENT WILSON will officially open the third 

Pan-American Aeronautical Congress on the Steel 
Pier, Atlantic City, N. J., and at the Airport beginning 
May 20. 

A wireless plant is being installed on the end of the 
pier, where the flash from the White House will be re- 
ceived at 3 P. M. on the opening day. Wireless greetings 
also will come from government heads of several South 
American republics, where aviation now is popular. 


—_-—— 


Legion’s Radio Intelligence Post Making Progress 
"THE third meeting of the Radio Intelligence Post of 

the American Legion was held in New York City. 
Men were present who had traveled many miles to at- 
tend, but all agreed that it was worth it. 

All former members of the Radio Intelligence Depart- 
ment, either in service abroad or at home, and who wish 
to get in touch with their former pals are cordially 
urged to communicate with the acting secretary of the 
post, Arthur L. Bernhard, 1679 42d Street, Brooklyn, 
New York. 


FEW hundred feet of 
film, a motion picture 
camera and an artist with 
imagination and ingenuity 
are solving the intricate 
problems of electricity for 
the beginner. The various 
phases of electricity have 
been visualized on the mo- 
tion picture screen so that 
any one may understand 
them. The principle of in- 
duction, the working of the 
wireless telegraph and tel- 
ephone, and many other 
phases of the subject are 
now being shown to the 
general public; also they 
form part of the curriculum 
of instruction in many el- 
ementary and _ secondary 
schools. 
Strange as it may seem, 
the visualization of electri- 
cal topics is a direct devel- 


opment of the process by E. Lyle Goldman, of the Bray studios drawing the background for one 
of the electrical animated drawings 


which the animated cartoon 
is made. A few years ago 
John R. Bray, a Brooklyn newspaper cartoonist, discov- 
ered that by making a series of cartoon drawings and 
photographing them on a motion picture film, he could 
produce the appearance of cartoons in motion. In his first 
attempt he drew about 10,000 individual pictures, worked 
for about ten months and then saw his arduous work 
reeled off in about ten minutes. He realized that the work 
was impractical if done in this way and began to study 
ways to simplify the method. After several weeks of 
analytical study, Mr. Bray discovered that many different 
motions may be represented by the same bodily action. 
For instance, the delivery of a blow, represented by the 
arm drawn back, is very similar to the motion executed in 
throwing a baseball. Consequently, when these two mo- 
tions are to be shown in the same picture, the drawings 
are not duplicated. They are simply photographed on 
the motion picture film in their proper order. Further- 
more, it was learned that many motions require only a 
change in part of the figure, say the arms or the legs. 
And so a éartoon figure may go through several move- 
ments without changing the position of the body. In 
utilizing this fact, Mr. Bray drew a man’s body, then on 
another sheet of paper his legs, and when the legs 
changed position he drew them in the new position. By 
superimposing the second drawing over the first picture 
of the body, a new complete figure appeared. This 
eliminated the drawing of thou- 
sands of lines and avoided im- 
measurable duplication in the mak- 
ing of the original drawings. Now, 
only about 1,500 drawings are 
necessary to make an animated 
cartoon. 

The original drawings are made 
on transparent paper and are traced 
on transparent composition plates 
which are then*photographed by an 
inverted motion picture camera set 
up on a rigid frame above a table. 





Visualizing. the Unseen 


By Jerome Lachenbruch 








An ingenious arrangement of gears  lse-up showing the background of an animated 


al drawing 






» and small linked chains 
carries the control of the 
motion picture camera to a 
pedal beneath the photo- 
graphing table which the 
photographer operates with 
his foot. At every pressure 
of the pedal the shutter 
opens for a _ measured 
length of time. Of course, 
on the table is a frame to 
which Cooper Hewitt lights 
are fastened. 

Every drawing is num- 
bered and when each 1s 
photographed a little ind 
cator, similar to a speed- 
ometer 1n its action, records 
the number of drawings 
that have been thus far 
photographed. The devel- 
oping and printing of the 
negative follows the same 
process undergone by films 
taken from living figures, 

The accompanying pho- 
tographic diagrams give an 
idea of the method by 
which the animated technical drawings are made. Figure 
| shows a battery, upon which is mounted an iron core 
wound with two coils of wire of different thicknesses. 
It will be observed that the heavier wire has fewer turns 
than the finer coil. 

The action indicated is an excerpt from the way in 
which the principle of induction is taught by the “movies.” 
When the connection is made at A, the current flows 
through the heavy wire, or, technically, the primary 
winding. In showing this on the screen, figure 1, which 
is a drawing made on a dark grey cardboard and used 
as a background for the succeeding pictures, is photo- 
graphed first. 

The phenomenon. resulting from the closing of the cir- 
cuit is twofold. First, a current is set up in the primary 
winding ; secondly, a magnetic field is built up about the 
core. This fact is conveyed in a title, and is followed on 
the screen by figure 2, showing the current passing 
through the primary, then figure 3, showing a magnetic 
field and the apparent “flow” of the magnetic lines of 
force. Here the relationship between magnetism and 
electricity is explained. In the diagram, the lines of 
force are shown to “flow” all about the core; and the 
airection of the course of the magnetic lines from north 
to south through the air is indicated by moving arrows. 
In conveying this to the screen, the artist who made the 
drawings made several similar 
drawings showing the arrows if 
slightly different positions. When 
these were photographed on the 
motion picture fiha the effect was 
similar to the flickering which wé 
are all familiar with, securing af 
effect on the screen of the constant 
activity of the electro-magnetic 
field. The diagram of the electro 
magnetic field is a photograph of 
the original background with tw0 
transparent plates superimposed 
upon it. 
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Figure 1—Iron core wound with two sizes of wire mounted upon a 
battery 


In following the electrical action further, the contact 
at A is broken and the electro-magnetic field immediately 
collapses. What happens now is told in another title that 
explains, in a few words, the principle of induced cur- 
rents. The building up and breaking down of magnetic 
fields constantly results in currents being induced from 
the primary winding to the secondary. In the motion pic- 
ture portraying this phenomenon, the current is seen now 
in the coil of fine wire, the secondary winding. Figure 4 
shows this clearly. 

It-is an electrical fact that a current induced as shown 
in the figure has its voltage increased and its amperage 
reduced. This is a principle that has made wireless 
telegraphy possible, because it permits of the creation of 
high frequency currents. 

But to return to our diagram. The voltage in the 
secondary is now much greater than it was in the primary 
winding. This is proved by the fact that it has a poten- 
tial, or electrical, pressure sufficiently great to enable it: 
to jump the gap and make a completed circuit. The gap, 
of course, is a familiar contrivance in wireless hook-ups. 


Figure 3—The magnetic field produced by the flow of primary 
current 


Figure 2—The battery or primary a passing through the primary 
coi 


And here, in the animated technical drawing, its funda- 
mental uses are explained. 

Another most important elementary principle of elec- 
tricity elucidated by the animated technical drawing is the 
action of the condenser as used in connection with a cir- 
cuit breaker. This is of particular interest to the stu- 
dent of wireless telegraphy, for the condenser is a store- 
house of electrical energy, and in the wireless set is in- 
dispensable. The circuit breaker acts as a danger signal 
by flying open and breaking the flow of the current in 
case anything goes wrong in the circuit. 

To apply the action of the condenser to the screen, the 
flow of the current in an electrical circuit is shown by 
means of a series of individual drawings, each differing 
very slightly from the other. This produces the effect 
of movement. As a background, a fundamental diagram 
of a condenser is shown connected with a circuit breaker. 
The circuit breaker is not drawn on the background, but 
is a cardboard cutout attached to the background by pins. 
The various positions of the circuit breaker in opening 
the line are obtained by moving the dummy by hand and 


Figure 4—Primary broken at A and induced current in secondary jumping 
, the spark gap 











a 
Figure 5—Electrical circuit with circuit breaker and condenser connected 


photographing it during the different stages of its action. 

The circuit breaker is shown to operate by means of a 
spring ; but to represent the spring in the act of springing 
many individual drawings of the spring had to be 
made, otherwise the action as shown on the screen would 
appear as a jerk. In order to obtain smoothness, the 
various parts of the diagram that are supposed to move 
must be drawn in their different positions while the cir- 
cuit is breaking, and each drawing then photographed 
on the motion picture film. 

Let us assume that the current is running smoothly 
through the line. In this arrangement the circuit breaker 
is closed. The dashes in the photographic diagram sug- 
gest the course of the current flow. It will be seen that 
the condenser is not in use, and the point of the cam, 
which operates the circuit breaker, is turned upward. 
To obtain this effect on the screen, three drawings were 
necessary. The first was a background showing the 


dummy circuit breaker and the general outline of the elec- . 


trical circuit, together with the condenser. Then a draw- 
ing of the spring was made, traced on a transparent com- 
position plate and laid-on top of the background, with the 





Figure 6—Circuit breaker closed, permitting flow of current 
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result shown in figure 5. Finally, the dashes represent- 
ing the current were drawn, and the three photograp)ied 
together, the completed picture being shown in the ‘ia- 
gram, figure 6. Now, to make the lesson move on the 
screen, the plate showing the spring when the circuit 
breaker is closed is removed as well as the plate indicating 
the course of the electric current. 

For the next series of drawings, the same background 
is used. But instead of the first drawing of a spring, 
another, in a slightly different state of tension, is drawn 
and placed over the background. Then the cam of the 
dummy circuit breaker is moved by hand, so that the 
breaker opens the line and the current flow is seen to be 
interrupted. See figure 7. Here a title is inserted to 
state that when the line is open the current flows into 
the condenser. In order to show this,‘another drawing 
of dashes is made to fit over the condenser drawing of 
the background. What would happen if the line opened 
and there was no’ condenser to catch the surplus current 
is shown by a spark jumping across the opened circuit. 
This involves several other drawings. 

This elementary electrical instruction is invaluable in 
the teaching of wireless telegraphy. From such funda- 





Figure 7—Circuit breaker open and interrupted current flowing into the 
condenser 


mentals, the Bray Studios have progressed to the point 
of teaching how the wireless telegraph operates. For 
example, most students who are interested in this phase 
of electricity know that electro-magnetic waves radiate 
in all directions, yet follow the general course of the 
earth’s surface. Now, the best way to teach an unknown 
thing is to compare it to a known one and then to show 


in what particulars the new fact to be taught differs from 


the thing known. So, in animating the principle of wire- 
less telegraphy, the movie artists have gone back to two 
known facts : one, the electric bell and the action of sound 
waves ; and two, the ripples on the surface of a lake made 
by a stone being thrown into the water. This natural 
phenomenon is understood by everybody; so the com- 
parison between the ever-widening circles on the surface 
of the water and the electric-magnetic waves of the wire- 
less brings the general principle to the understanding of 
the masses. Coming closer to the subject, the electric 
bell comparison tells a similar story, but adds to it by 
showing that sound waves act like water ripples and also 
like electro-magnetic waves. In visualizing this, am 
electric bell in the act of striking is seen to send off waves 
in ever-widening concentric circles. 
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But to amplify on the examples, the difference between 
sound and electro-magnetic waves must be emphasized. 
This is done by showing a boy shouting, and flashing the 
fact, in a title, that his voice carries only about a quarter 
of a mile under the best conditions. The sound waves 
emanating from his mouth are represented in the form 
of very short waves. Now the far greater length of the 
electro-magnetic wave is shown in animated form, and 
the fact stated that these waves are carried by the ether 
for thousands of miles. When the possibility of trans- 
porting electro-magnetic waves has been established, the 
construction of various pieces of apparatus is taken up in 
detail. 

The generation of high frequency currents, and their 


The Design of Multi- 
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oscillation in the closed circuit until they jump the gap 
(see figure 4) and pass into the ether; the apprehending 
of the electro-magnetic waves by the antennae of some 
receiving station many miles away, and the passing of the 
current through the receiving set; and finally the “iron- 
ing out” or reduction of the current to audible frequency 
are all shown in a graphic manner. 

In all subjects relating to electricity, the screen offers 
teaching opportunities scarcely realized at present. In 
the naval wireless school, the schools for general electri- 
cians, and for instruction aboard ship, not to mention the 
many private institutions for the teaching of electrical 
subjects, the animated technical drawing offers a new 
way to impart the intricacies of the subjects in an in- 
tensely entertaining and practical way. 


Stage Vacuum Tube 


Receiving Circuits 
By John Scott-Taggart 


(Continued from the December, 1919, issue) 


WE NOW come to the usual aperiodic air-core oscil- 

lation transformers as a means of coupling the out- 

put circuit of a vacuum tube to the input circuit of the 
succeeding tube. 

A two-tube receiving circuit employing this method of 

coupling is shown in figure 3. An aperiodic inductance 

coil L, is included in the plate circuit of the first tube, a 


jou 


Figure 3—Two-tube receiving circuit coupling the output circuit of one 
to the input: circuit of the other 




















second aperiodic inductance L, being placed across grid 
and filament of the second tube. A leaky grid condenser 
is included in the grid circuit of the second tube for the 
purpose of rectifying the high frequency current and pro- 
ducing audible signals in the telephones T. The two in- 
ductances L, and L, may very conveniently be wound 
together at the same time, or if desired, one of the in- 
ductances may be wound directly over the other. This 
type of amplifier will respond over a wide range of wave 
lengths, which range may be greatly increased by using 
resistance wire in place of ordinary copper wire for the 
inductances L, and L,. The value of the resistance may 
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Figue 4—Four-tube amplifier-detector for oscillatory circuit 





be made as high as about 20,000 ohms. Obviously, a cer- 
tain loss in efficiency is unavoidable, but this disadvantage 
is outweighed by the greater usefulness of the amplifier. 
Figure 4 shows a 4-tube amplifier-detector which may 
be applied to any oscillatory circuit for the purpose of 
receiving wireless signals. As will be seen, the arrange- 
ment is merely an elaboration of the circuit of figure 3, 


the coupling between the tubes taking the form of aperi- 
odic air-core transformers. The terminals YZ are con- 
nected across the oscillatory circuit, in which the received 
oscillations are taking place. 

An improved arrangement would consist in tuning the 
grid circuits of the various vacuum tubes in the series. 
This arrangement somewhat increases the efficiency of 
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Figure 5—Two-tube receiving circuit which permits very fine tuning 














the amplifier and also improves its selectivity. The num- 
ber of adjustments required, however, make the circuits 
somewhat unwieldy. It will be realized that a certain 
step-up effect is obtainable by arranging that the induct- 
ances of the plate circuits will have fewer turns than the 
inductances of the grid circuits. If the grid circuits be 
tuned, it may be an advantage to have the coupling be- 
tween the plate and grid oscillatory circuits variable in 
order to increase the selectivity. If, however, we are aim- 
ing to produce a highly efficient circuit which is exceed- 
ingly selective, it will be preferable to tune both the plate 
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La Figure 6—Three-tube circuit which provides for reception of 
continuous Waves 























and grid circuits by means of variable condensers. Fig- 
ure 5 shows a useful 2-tube receiving circuit which is 
capable of giving excellent signals and at the same time 
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very fine tuning. All circuits are now accurately tuned 
to the incoming frequency and the degree of selectivity 
may be varied by altering the coupling between L, and 
L,. The second tube of this circuit acts as detector, the 
signals being obtained in the telephones T. Figure 6 
shows a 3-tube receiving ‘circuit which is a development 
of the 2-tube circuit, and which also provides for the re- 
ception of continuous waves. In the plate circuit of the 
last tube is included an aperiodic coil L, which may be 
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Figure 7—A simple resistance-coupled circuit 
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coupled to any of the foregoing inductances in order to 
amplify spark signals on the regenerative principle or to 
produce self-oscillation, and so enable us to receive con- 
tinuous waves. This class of circuit is especially useful 
when it is desired to receive within a fairly narrow range 
of wave length, or on a definite fixed wave length. As a 
general statement, in amplifiers utilizing air-core trans- 
formers an aperiodic coil for producing regeneration. may 
always be placed in the plate circuit of one or other of the 
tubes and coupled to one of the circuits of 2 previous 
tube. If grid current rectification in the last tube is being 
used, self-oscillation may be produced by the use of an 
oscillator coil. If, however, the last tube is made to oper- 
ate as a detector by utilizing one of the bends on the plate 
current curve, it is not possible to produce self-oscillation. 
If this form of detection is employed and we desire to 
produce self-oscillation, an oscillator coil may convenient- 
ly be included in the plate circuit of the vacuum tube 
next to the last. It is to be noted that a condenser of 
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Figure 8—Three-tube resistance-coupled amplifier suitable for general 
reception 


about 0.001 mfd. is invariably connected across the tele- 
phones. This condenser, among other things, allows self- 
oscillation to take place more readily. 
a suitable number of tubes are used for amplifying high 
frequency oscillations, the radio-frequency component in 
the plate circuit of the detecting tube may be very consid- 
erably increased and is liable to cause arcing in the tele- 
phone windings, unless a shunt condenser is provided. 
Except for special purposes, it will not usually be de- 
sirable to employ more than 3 tubes with tuned inter-tube 
transformers. The circuits become expensive and difficult 
to adjust, although this latter disadvantage may be largely 
overcome by employing a switch which changes the 
values of the inductances L,, L,, L;, L,, simultaneously. 
We now come to the use of coupling resistances in 
vacuum tube amplifiers. This class of coupling is aperi- 
odic, and after a certain wave length, is usually efficient 
for all wave lengths. A simple resistance coupled circuit 
is shown in figure 7, where two vacuum tubes are shown 
in use. The first one acts as a high frequency amplifier 
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and the second one as a detector. The resistance R, has 
a value of about 80,000 ohms, and should have neither 
capacity nor inductance. It may be constructed by cut- 
ting two or three parallel grooves 2” long on a sheet of 
ebonite and rubbing the point of a lead pencil across 
them. Suitable terminal connections are made at the ends 
of the conducting grooves. A more suitable type of re- 
sistance may be constructed by using strips of paper on 
which heavy India ink lines have been ruled. Various 
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Figure 9—Six-tube amplifier for use with a frame aerial 


commercial types of resistances have been placed on the 
market. Care should be taken to see that the terminal 
connections do not form a small condenser in parallel 
with the resistances. 

A condenser C, of about 0.0003 mfd. which is connect- 
ed between the foot of R, and the grid G, of the second 
vacuum tube insulates G, from the battery H, which 
would otherwise give the grid a very high potential. 
When the grid G, of the first tube becomes positive, the 
electron current through R, increases; consequently, a 
momentary negative pulse is communicated through C, to 
the grid G, of the second tube. Similarly, when G, is 
made negative, the electron current through R, is de- 
creased and a positive pulse is impressed on G,. In this 
manner the high frequency potentials across R, are pass- 
ed on the second tube, which rectifies the radio frequency ~ 
EMFs. Owing to the drop in potential across R, the 
plate battery H will have to be of considerably greater 
voltage than is the case in an ordinary amplifier. The 
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Figure 10—Marconi resistance amplifier circuit containing three tubes 


value of H may conveniently be from 70 to 100 volts. 
Each tube is shown as having a separate rheostat of about 
10 ohms resistance. These rheostats may frequently be 
dispensed with. Such minor variations in the circuits 
given here are left to the experimenter. To prevent ex- 
cessive negative charges building up on the grid G, of the 
second vacuum tube a leak R, of about 3 megohms resist- 
ance may be connected directly across grid and filament. 
In place of the telephones T a step-down transformer 
may be used. A high resistance winding may be included 
in the plate circuit and a low resistance winding connect- 
ed across a pair of low resistance telephones. This ap- 
plies to all tube circuits and the use of such a transformer 
possesses considerable advantage. 

Figure 8 shows a three-tube resistance coupled ampli- 
fier suitable for general reception. This circuit is simply 
an elaboration of the previous circuit and no comment is 
necessary. The values of the resistances are the same as 
before. The terminals YZ are connected across the oscil- 
latory circuit in which the incoming oscillations are flow- 
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ing. The important point to notice in connection with re- 
sistance coupled amplihers is that they are not suitable for 
reception of short wave lengths. This is due largely to 
the capacity effect, which is invariably in parallel with 
the plate circuit resistances. This capacity effect may be 
chiefly due to the capacity of the electrodes in the tube 
and is also due to the capacity of leads and connections. 
This capacity acts as a resistance, or rather, reactance, in 
parallel with the resistances R. Since the condenser acts 
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plification may be obtained not only by coupling the plate 
of the last tube to the grid of the first, but by making 
suitable connections between any of the intermediate 
tubes. The condition for regenerative amplification is 
that when the potential of the plate increases, the grid of 
the preceding tube chosen should also increase, and vice 
versa. If the condenser is now connected across the plate 
and grid, regeneration is obtained and if the condenser is 
of sufficient capacity self-oscillation is set up. 
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Figure 11—Two-tube impedance circuit for short waves 
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amplifier for short waves 
























Figure 12—Four-stage 


as a detector towards oscillatory current, the higher the 
wave length received, the greater will be its frequency and 
the more readily will the unintended shunt capacity act 
as a by-path to the oscillations, and so reduce the imped- 
ance of the resistances R. The resistance amplifier is con- 
sequently most useful for wave lengths exceeding 1,000 
meters. In any case, every precaution should be taken to 
avoid capacity effects in resistance amplifiers. 

Figure 9 shows a 6-tube amplifier being used to receive 
signals picked up on a frame aerial L,, which consists of 
a number of turns of insulated wire on a large frame 
several feet square. The loading inductance L, and the 
condenser C, is for tuning purposes. The amplifier calls 
for no special comment except that a small condenser C, 
is used for obtaining regenerative amplification. By 
means of a switch S this condenser may be connected 
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Figure 13—A simple two-stage low frequency amplifier using a step-up 
transformer 


across the plate of the last tube and the grid of another of 
the preceding tubes. This condenser should have a very 
small capacity. By gradually increasing this capacity the 
circuits may be made to pass through the various stages 
prior to self-oscillation, thus enabling us to obtain regen- 
erative amplification of spark signals, or to receive con- 
tinuous waves. 

In a resistance amplifier, the grids are alternately posi- 
tive and negative at any given moment. For example, if 
the first grid is positive, the first plate will be negative, the 
second grid negative, the second plate positive, the third 
grid positive, the third plate negative, and so on. To ob- 
tain regeneration, the condenser C, should be connected 
across two electrodes of similar sign. Regenerative am- 
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Figure 14—Detailed construction of a transformer 





For example, regeneration may be obtained by connect- 
ing the last plate to the first grid of an amplifier possess- 
ing 2, 4, 6 or, in short, an even number of tubes. If an 
odd number of tubes were used, absorption—the opposite 
to amplification—would take place, and the greater the 
capacity, the less would be the amplification and the less 
the tendency to oscillate. We can see that regenerative 
oscillation is obtained when the coupling condenser con- 
nects the plate and grid of tubes adjacent to each other, . 
or separated by an even number of tubes. Obviously, 
the greater the number of tubes in between, the more 
critical is the adjustment of the coupling condenser, which 
thus requires to be of very small dimensions. Owing to 
the difficulty of insuring regular working, it is desirable 
to arrange the coupling between the plate of one tube and 
the plate of a previous tube in the series. Rectification is 




















Figure 15—The completed amplifier transformer 


now weak and allows of a more gradual adjustment. 
The coupling condenser should now be connected across 
any two plates which are undergoing potential changes of’ 
the same sign as, for example, Ist and 3rd, 3rd and 5th, 
Ist and 7th, and so on. Instead of using a condenser, a 
high resistance of the order of about 10 megohms may be 
connected across the plate of one tube and the grid of a 






















16 





previous tube, or the plate of one tube and the plate of 
another. These general remarks will explain the condi- 
tions under which regeneration is obtainable in a resist- 
ance amplifier. The present regeneration is obtainable in 
a resistance amplifier. 

However, the writer is not inclined to recommend the 
use of methods for obtaining self-oscillation in an ampli- 
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Figure 16—Three-tube low frequency amplifier circuit 


fier, although regeneration is frequently desirable. , It 
will almost invariably be preferable to use an external 
heterodyning oscillator when it is desired to receive con- 
tinuous waves. 

An interesting resistance amplifier has been patented by 
the Marconi Company, which is illustrated in figure 10. 
In the plate circuit of the first tube is included a high 
resistance R, and a plate battery H,. If connections were 
taken from the ends of R, across the grid and filament of 
the second Marconi tube there would normally be a nega- 
tive potential on the grid of the second tube. This poten- 
tial would be equal to half the emf. of H,, if the resistance 
R, equalled the internal resistance of the tube between fil- 
ament and plate. 

It is to be noted that it is usually desirable to make the 
plate circuit resistance equal to the internal resistance of 
the tube. To overcome the potential drop across the high 
resistance in the plate circuit, we have seen that usually a 
stopping condenser has been used. The Marconi circuit, 
however, achieves the same object by taking the connec- 
tions from the top of R, and the mid-way point along H,. 
It will be seen that the emf. across R, is balanced by half 
the emf. of H, acting in the opposite direction. If R, 
does not equal the internal resistance of the tube a suit- 
able point is readily found on H, so that the potential dif- 
ference between that point and the top end of R, is zero. 
When a varying potential is placed on the grid of the first 
tube, the potential across R, also varies whereas the po- 
tential across the half of H, involved does not vary, at 
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Figure 17—Two-tube detector amplifier circuit in which the first tube 
acts as a detector 
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least, not to any appreciable extent. The magnified 
potential variations are consequently applied to the grid 
of the second amplifying tube, and the same process is 
repeated in the case of the second tube, the magnified 
variations in R, being applied across the grid and filament 
of the third vacuum tube. This last tube may, if desired, 
be arranged to act as a detector. 
This circuit requires separate plate batteries and 
filament accumulators. Moreover, it will be seen 
‘that any low frequency variations of plate cur- 
rent in the first tube will be passed on. throughout the 
series; consequently, any undesired current variations 
such as those due to variations in filament temperature 
or leakage in the circuits are liable to be magnified by the 
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amplifier and produce undesirable noises. In the case of 
those amplifiers in which stopping condensers are used, 
these condensers, if of small enough capacity, will only 
pass on high frequency current variations, and will filter 
out any audio-frequency effects. The Marconi circuit, 
however, is capable of being used as an amplifier of 
steady, maintained, direct current potentials, whereas the 




















Figure 18—Four-tube - detector-amplifier circuit with three tubes for 
amplification 


other type of amplifier is unsuitable. The principle of 
taking a tapping from the plate battery to avoid the 
potential drop across the plate circuit resistance is one of 
considerable value and may be applied in many vacuum 
tube circuits with advantage. 

We have seen that owing to the capacity of the vacuum 
tube and various strong capacity effects in a resistance 
coupled amplifier, the arrangement is not suitable for the 
efficient reception of waves less than about 1,000 meters. 
For the higher wave lengths we can use an impedance 
coil in place of a high resistance. The impedance offered 
by such a coil increases with the frequency of the oscilla- 
tions. It will thus be seen that an amplifier employing 
impedances will be very efficient for the reception of short 
waves. Wave lengths as small as 100 meters may be very 
effectively received on an amplifier of the type shown in 
figure 11. Two vacuum tubes are here shown in use, the 
first one acting as a high frequency amplifier and the 
second one as a detector. The impedance coil Z may con- 
veniently consist of about 10,000 turns of No. 40 silk cov- 
ered wire, wound on an iron wire core 2%" x 1%”. An 
elaboration of this simple circuit is shown in figure 12, 
which illustrates a 4-stage amplifier which may be applied 
to any oscillatory circuit receiving short waves. As in 
the case of resistance amplifiers, regenerative amplifica- 
tion may be obtained by connecting a high resistance of 
about 12 megohms, or a very small condenser across the 
plate of the last tube and the grid of say the first tube. 
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Figure 19—Circuit for use as low frequency amplifier or receiver 


Obviously, in a tube of this nature, we can obtain regen- 
erative amplification or self-oscillations by connecting an 
aperiodic oscillatory circuit consisting of an inductance in 
the plate circuit of the last tube and coupling this coil to 
the input oscillatory circuit. In this class of amplifier and 
also in any other type in which an impedance, such as.a 
telephone transformer winding, is included in the plate 
circuit of the last tube, the oscillatory regenerative circuit 
may be connected in parallel with the impedance. In this 
case, one end of the coil is connected to one end of the 
impedance, while the other end of the coil is connected 
through a fixed or, if desired, variable condenser to the 
other end of the impedance. 

We now come to the design of amplifiers employing 
several vacuum tubes coupled by means of iron-core 
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transformers. Of these the most important are probably 
those employing transformers having primary and sec- 
ondary, the primary being included in the output circuit 
of one tube and the secondary in the input circuit of the 
following tube. A simple two-stage low frequency ampli- 
fier is illustrated in figure 13, in which an initial step-up 
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Figure 20—A three-stage amplifier used during the war 


transformer T, T\, is provided. This step-up ratio may 
conveniently be 1 to 5. The winding T, should have a 
resistance approximating to the resistance of the circuit 
to which the amplifier is to be applied. In nearly all 
cases, the winding T, will be included in the plate circuit 
of a tube being used as a detector, consequently the resist- 
ance of T, should be fairly high. In most British com- 
mercial amplifiers the winding T, has a resistance of from 
300 to 2,000 ohms, or even more. Suitable windings for 
an initial transformer for general work are: primary— 
44 gauge single silk covered copper wire, 300 ft.; 
secondary—44 gauge single silk covered copper wire, 
3,000 ft. 

Although a little outside the scope of the present arti- 
cle, the design of a transformer shown in figures 14 and 
15 may appeal to experimenters. These diagrams are 
taken from an article by the author which appeared in 
the November, 1919, issue of The Wireless World. Fig- 
ure 14 shows stages in the manufacture of a simple trans- 
former. A hard rubber tube about 14” external diameter 
and 2” long is fitted at each end of a square rubber cheek, 
2” x 2”, through which a %” hole has been drilled. Wood- 
en cheeks and a paper tube soaked in paraffin wax could 
be substituted for this. On this tube is wound the pri- 
mary winding. This can best be accomplished by rotating 
the tube on the shaft of a small electric motor. The two 
ends of the winding should then be brought to two small 
terminals fixed on one of the cheeks. The secondary 
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Figure 21—Circuit for high-frequency and low-frequency amplification 
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winding may be wound in the same direction in a similar 
manner, the two ends being brought out to terminals 
fixed on the other cheek. The greatest care should be 
taken to insulate the windings, which should be separated 
by one or two layers of varnished cloth. The iron-core 
consists of a bundle of iron wires 7” long which fit into 
the hard rubber tube and project about 244” beyond the 
cheeks. The wires at each end should be parted, each 
half being bent round the side of the cheek. Figure 14b 
shows how the ends A and B and C and D have been bent 
round the sides of the cheeks. The ends A and B, and C 
and D are now worked into each other so that the core 
appears as two rectangular rings as shown in figure 14c. 
The finished appearance of the transformer is illustrated 
m figure 15. 
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A second transformer T, T, is shown in figure 13. 
This inter-tube transformer is of the step-up type, a suit- 
able ratio being 1 to 5. The transformer may be con- 
structed in the manner just described, the winding T, 
containing about 3,000 ft. of wire and the secondary about 
15,000 ft. These values give excellent results, but there 
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Figure 22—La Tour radio-frequency amplifier 


is no reason why they should be too closely followed. Dif- 
ferent commercial types of amplifiers vary very much in- 
deed in the resistances of their transformer winding. In- 
stead of connecting high resistance telephones in the plate 
circuit of the second tube, we conveniently use a step-down 
telephone transformer and low registance receivers. It 
will be noted that a single cell B, is connected in such a 
position as to give the grids G, and G, a small negative 
potential with respect to the filament. This largely pre- 
vents any grid currents and the loss of efficiency which 
would otherwise result. A rheostat R of about 10 ohms 
resistance varies the filament currents of the two tubes 
simultaneously. 

Our next figure (figure 16) shows a useful form of low 
frequency amplifier which can be applied to any circuit in 
which low frequency current variations are taking place. 
The terminals I N are simply connected where the tele- 
phone receivers would normally be placed in the circuit. 
A special point to notice is that the author has connected 
the grids of the tubes to the negative side of the filament 
heating accumulator B,, and so placed the rheostat R that 
the grids will always be slightly negative with respect to 
the negative end of the filament, on account of the voltage 
drop across the used portion of R. This arrangement is 
technically preferable to the use of a small cell, although 
an accumulator of higher emf. may be required. 

A telephone step-down transformer T, T, is now 
shown in use. The winding T,; may conveniently have a 
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Figure 23—Four-stage amplifier designed by La Tour 





resistance of about 5,000 ohms and should consist of 
about 5,000 ft. of wire. The low resistance winding may 
be wound with the same wire to a resistance equal to that 
of the phones to be used. 

Figure 17 shows a very convenient form of detector 
amplifier in which the first tube acts as a detector; only 
two tubes are shown. The input terminals are con- 
nected across the receiving circuit L, C,, but it is 
to be understood that the terminals could be con- 
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nected across any oscillatory circuit in which incoming 
oscillations are taking place. It will be noticed that a 
leaky grid condenser C, of about 0.0003 mfd. shunted by 
a resistance R of 3 megohms is included in the plate cir- 
cuit of the first vacuum tube. Across the winding T, of 
the inter-tube transformer is connected a condenser C, of 
about 0.01 mfd., which is intended to by-pass the high fre- 
quency component of the plate current of the first tube. 
An obvious but very useful development of this circuit is 
shown in figure 18. The condenser C, is shown having a 
value of 0.00005 mfd. and R as having a resistance of 4 
megohms, but these figures depend very largely on the 
type of tube used. The author has shown the filament 
current of the first tube variable by means of a separate 
rheostat R,. A similar rheostat R, may be made to regu- 
late the filament current supplied to the second, third, and 
fourth tubes, although with suitable tubes this rheostat 
may frequently be dispensed with. 

Figure 19 shows a design of amplifier which may be 
used either for low frequency amplification or for the re- 
ception of wireless signals. Three terminals X Y Z are 
now provided. The terminals Y Z are used when low 
frequency amplification is desired, the switch S being 
placed on the stud A. When, however, it is desired to 
receive wireless signals, connections are made to the ter- 
minals X and Z and the switch S is placed on the stud D; 
the input transformer T, T, is now entirely cut out and 
wireless signals are rectified by the aid of the leaky grid 
condenser C. This condenser may be shorted by the 
switch K. To avoid using four terminals and also to im- 
prove the effectiveness of the amplifier for low frequency 
amplification, the terminal Z is connected to the negative 
side of the filament accumulator B,. 

A three-stage amplifier which proved very successful 
during the war is shown in figure 20, which is a similar 
circuit to figure 19, but possesses three tubes. In all these 
low frequency amplifiers it is almost invariably desirable 
to connect the iron-core of the transformers to the posi- 
tive side of the plate battery H, as shown in figure 20 by 
the dotted lines. This steadies the action of the amplifier 
and lessens undesirable noises which are otherwise usual- 
ly heard. Most of the improvements in these types of 
amplifiers are due to Marius LaTour. 

If it is desired to resonate low frequency transformers 
used in amplifiers, large variable condensers may be con- 
nected across the windings, but such resonated circuits 
have not found very much favor in Great Britain and 
France for low frequency amplification. 

Figure 21 illustrates a typical example of a circuit in 
which high frequency and low frequency amplification is 
obtained in a single amplifier employing a single filament 
accumulator and plate battery. The first tube acts purely 
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as a radio-frequency amplifier, the second acts as a detec- 
tor, while the third and fourth act as audio-frequency 
amplifiers. There are obviously very many modifications 
of circuits of this type, but the one given will, no doubt, 
be sufficient to indicate the general principle of employing 
single batteries and the combining of the various func- 
tions of a vacuum tube in the single amplifier. ‘The 
author, however, recommends that for general experi- 
mental work it is preferable to employ a separate three- 
stage low frequency amplifier independently arranged, 
but which could be applied to any experimental circuit. 

Iron-core transformers have been very largely used by 
Marius |_aTour in France for the purpose of coupling 
the various vacuum tubes in a multi-stage radio-fre- 
quency amplifier used for the reception of long waves. 
He has used both resonated and aperiodic windings and 
obtains a step-up effect which is not obtainable to the 
same extent in the case of an air-core transformer. Fig- 
ure 22 shows an arrangement of vacuum tubes used by 
LaTour for radio-frequency amplification. The disad- 
vantage of this class of amplifier is that it does not lend 
itself to reception over wide ranges of wave lengths and 
is, moreover, difficult to design. LaTour has also de- 
vised an amplifier which is shown in figure 23. Four 
stages of amplification are shown, the last tube acting as 
a detector. The transformers T, T, T, T, and T, T, 
are designed for radio-frequency amplification. The last 
tube acts as a detector and the rectified pulses in the plate 
circuit are passed into the primary step-up transformer 
T, T,, the winding T, being included in the plate circuit 
of the second tube. A condenser C, is shunted across T, 
to allow the passage of radio frequency current. The 
second tube now amplifies the low frequency pulses at 
the same time as it is amplifying the high frequency 
energy supplied by T, T,. The low frequency amplified 
pulses pass through the primary T, of a step-up trans- 
former T, T,, which is included in the plate circuit of the 
second tube and in series with the winding T,. The sec- 
ondary T,, is included in the grid circuit of the third tube 
and is in series with the winding T,. Condenser C, and 
C, are connected across T, and T,, to by-pass the radio- 
frequency current in these circuits. The telephones T are 
included in the plate circuit of the third tube. The type 
of amplifier shown does not seem to have achieved the 
success that might have been expected from a double 
magnification circuit of this kind. 

From the foregoing remarks it will be seen that a very 
large number of amplifier circuits may be devised. As a 
rule, it is preferable to aim at high selectivity and the re- 
ception of very weak signals rather than merely to obtain 
a very loud response in the telephones ; consequently, at- 
tention is to be called chiefly to those circuits employing 
radio-frequency amplification, 


~ An Oriental Radio Set 


By Howard S. Pyle 


WE are hearing considerable discussion of various new 
radio apparatus brought out during the period of 
hostilities, but very little has appeared in print descriptive 
of the marine apparatus in use by the Japanese vessels. 
This equipment has remained substantially the same 
for some years. It has, and is, proving very efficient and 
satisfactory in the long voyages in the trans-Pacific trade. 
A Japanese operator is often able to clear with a Jap- 
anese station and one in North America on the same 
night. This means spanning two thousand miles of water 
each way, and in spite of the many records made in both 
transmission and reception during the war, the almost 
nightly long distance work of the Japs is not to be 
scoffed at. 





The writer, shortly after our entry into the war, had 
the good fortune to be assigned to a large steel freighter 
which the United States had purchased from the Jap- 
anese government, and which was equipped with the 
“Annaka” type of apparatus. We were to sail for South 
America and then the east coast, to enter into the trans- 
atlantic transport service. Having a civilian crew, al- 
though we were all naval operators, we saw a splendid 
opportunity for experimentation with the Japanese ap- 
paratus, and we were left entirely alone, having absolute 
control of the radio. 

Reporting aboard our vessel, formerly the Yoshida 
Maru 3d but renamed the Eastern Chief, we were 
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agreeably surprised at the excellent appearance of 
the apparatus. It was mounted entirely on marble, all 
the metal parts being nickel plated. Even’the smaller 
instruments, such as starting boxes and field rheostats, 
had individual marble panel mountings. The receiver 
was very elaborate and enclosed in a mahogany cabinet 
with a heavy hard rubber top, all the controls and metal 
parts being silver plated. A solid oak operating table 
with drawers and files was installed, and a built-in settee 
of oak with green plush cushion added to the operator’s 
comfort. 

Our stateroom was connected by a door with the oper- 
ating room, and a speaking tube connected us with the 
chart house. The location in the starboard wing of the 
bridge was also desirable. 





Loading coil panel and 


sere box and power 
‘oO antenna switch 


panel for main 3 kw. set 


As to the apparatus itself: the transmitter was of three 
kilowatt capacity for the main set, with an auxiliary gen- 
erator and transformer of half-kilowatt size, which, when 
cut in, used the same oscillating and open circuits as the 
main set, the change being effected by merely shifting 
transformers and starting the small generator. A sep- 
arate power control panel was provided for both motor- 
generator units, and contained all the controlling appli- 
ances with the exception of starting boxes and field rheo- 
stats which were mounted individually, convenient to 
the operator’s hand. The auxiliary motor generator was 
powered by a fifty-volt storage battery, contained in a 
suitable housing on the bridge. Circuit breakers and the 
necessary controls for charging were contained on the 
power panel. The ship’s mains, of course, furnished cur- 


‘rent for the operation of the main transmitter. The gen- 


erator- sets, while bearing Japanese nameplates, were 
evidently of General Electric type, and consisted of the 
usual DC motors, coupled to the generators with flexible 
couplings. The generators were of the solid rotor type, 
the main set being of 600-cycle frequency and the auxil- 
iary of 500 cycles. 

The transformers were of low secondary potential and 
of closed core design, immersed in oil. A removable plate 
on the top of the cases permitted of easy access, by means 
of a small forked wire, to single-pole-double-throw 
switches immersed in the oil, and which controlled the 
secondary potentials. Leads from the transformer were 
connected directly across the condenser, consisting of two 
large units of glass plates and copper foil, embedded in 
beeswax, and contained in a suitable case. A heavy sin- 
gle-pole-single-throw switch, permitted of change in 
capacity, which was necessary for operation at the 300- 
meter wave length. This switch was mounted on a mar- 
ble panel which formed the cover of the condenser case. 

The quenched gap, which appears in one of the illus- 
trations, is probably the most unique instrument in the 
transmitting equipment. This consisted of sixteen plates, 
mounted vertically in two rows, and having a geared edge 
on one plate of each gap. A series of fiber gear wheels 
moving on a shaft passing between the two sets of plates, 
engaged the teeth in the gap plates. A small tube led 
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from the sparking surface of each gap to a larger feed 
pipe, and thence by a rubber tube to an alcohol chamber. 
A motor actuated bellows, forced the alcohol vapor onto 
the sparking surfaces, assisting in the quenching. The 
blower motor, by means of a system of chains and gears, 
also caused the plates to slowly revolve while the alcohol 
was forced onto the plates. By this means the whole 
surface of the gap was presented to the alcohol blast. 
The mica rings separating the sparking surfaces gave 
trouble for a while by leaking, but after a little experi- 
menting we remedied this. 


In series with the gap and condenser was the primary 
of an auto transformer, the almost perfect quenching of 
the gap permitting the use of this type of inductance in 
place of the customary oscillation transformer and still 
insuring a pure wave. The inductance was variable by 
means of a large wheel fronting on the marble panel 
which supported the auto transformer, and which may be 
plainly seen in one of the accompanying photographs. 
On this panel was also mounted the hot wire ammeter 
and the wave changing switch, which latter consisted of 
three plug sockets for the insertion of a plug connected 
by flexible cable to the circuits. A similar plug arrange- 
ment was in use on the loading coil panel. The loading 
coils themselves, were, as was the auto transformer, 
wound in the well known pancake style. As the Japs 
work their own stations on a wave length of 1,700 meters 
when interference is heavy on the 600 meter wave, sev- 
eral loading coils were installed, but ours had been con- 
nected in circuit to permit a range of waves from 300 to 
but 952 meters, hence several coils were removed. A 
heavy single-pole switch on the front of the loading coil 
panel provided for short-circuiting the loading coils at 
will. 

From the loading inductance, the circuit went to the 
antenna switch, which was a single-bladed affair with 
a throw of 60 degrees. The primary power circuits and 
the blower motor for the gap were controlled by this 
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switch as well as the high frequency circuits. A deck 
insulator of massive dimensions and heavy porcelain con- 
struction carried the lead to the antenna. Contrary to the 
usual United States custom of using 7/22 phosphor 
bronze for the antenna, the Japanese use a cable of seven 
strands of number 14 phosphor bronze, which makes a 
very heavy, but at the same time, efficient high frequency 
conductor. In place of our usual Electrose insulators, two 
heavy 10-inch ribbed porcelain insulators, heavily glazed 
were in tandem at both ends of each strand. The lead in 
was brought from the middle and was not bunched until 
reaching the deck insulator. Our antenna had a natural 
period of 310 meters, which made a series condenser nec- 
essary for transmission on 300 meters. 

Two hand keys of massive dimensions were provided, 
and as these were of the old massive pump handle type, 


we pulled them out and installed a smaller navy key. 
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As has been stated, the receiving set was elaborate. Of 
the older cabinet type rather than the more recent panel 
design, it was a marvel of intricacy. A bird’s-eye view of 
the top of the cabinet had the appearance of the letter E 
with the middle leg left out. In the narrow part, a small 
drawer was set, which served to hold spare crystals, etc. 
A loose coupler of about 3,000 meters held the right hand 
side and provided for the inductive transfer. The primary 
was varied by a slider moving on a rubber strip which 





The receiving set showing a pact arrang t of instruments 





carried thirty switch points. A similar slider, but work- 
ing on a worm gear from the inside of the coil, varied the 
secondary inductance. This was controlled by a small 
crank projecting from the secondary head. A loading in- 
ductance was mounted within the cabinet, controlled by 
the usual dial switch on the panel, and was used for con- 
siderable of the rough tuning. A fixed condenser, made 
up similar to a variable by using spaced aluminum plates, 
but stationary rather than movable, was controlled by a 
five point plug switch on the panel. A similar plug switch 
controlled a smaller paper and tinfoil condenser across 
each variable and the telephones. A variable was con- 
nected in shunt to the secondary and a primary variable 
was thrown in shunt, series or short circuit by another 
plug switch. A dial switch controlled a non-inductive 
potentiometer, which could be used with either of three 
crystal detectors, using foreign minerals which we 
couldn’t analyze. Binding posts were provided for con- 
nection of the wing, grid and filament circuits of a 
vacuum tube detector, but none was provided, so we 
arranged our own tube. An extremely intricate switch 
contained within the cabinet and controlled by a handle 
on the outside, served to change the hookup for crystal 
or vacuum tube work. We found it to be poorly arranged 
for tube reception but very efficient on crystal. 

In making the diagram of the connections of the re- 
ceiver, two whole evenings and several choice bits of tem- 
per were used up in tracing the circuits. The wires con- 
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necting the various instruments in the cabinet made a 
bundle the size of a man’s wrist, and we thought a con- 
siderable loss of energy in vacuum tube work was due to 
the presence of so much useless inductance. ‘The tele- 
phones were probably the one real discredit.to the out- 
fit, and they were as good as worthless. Single pole con- 
struction, apparently of a low resistance and cheaply 
constructed, we had trouble with them continuously until 
we substituted a pair of navy phones. 

We made several noteworthy transmissions, but I be- 
lieve our record was hung up, when, by some freak or 
other, we communicated with San Diego, California, at 
2,000 miles in daylight, and during July, when we were 
somewhere around the equator. This was purely freak 
work, but our night transmissions of ordinary occurrence 
gave clear signals easily readable at from 1,400 to 1,800 
miles regularly. 

The hot wire ammeter showed only about 14 amps. on 
our highest power, which only serves to show that the 
hot wire ammeter is really very much of a liar, for it has 
been proven time and again, that a high reading at the 
meter does not necessarily mean great energy from the 
antenna. I have done far less distance with ammeters 
showing as high as 20 and 22 amperes, and have come to 
take the meter reading as merely an indication of what 
you are really getting in the circuits, not what is hopping 
off into space. 

On the whole, we were well satisfied with the perform- 
ance of our Oriental outfit, but were relieved to exchange 
it for a navy set. Its complicated construction kept both 
myself and my two assistants constantly on the job to 
keep it going right, and often when high power work was 
attempted, two or three of us would have to stand by for 
emergency breakdowns. Nevertheless, we take off our 
hats to our little yellow brothers for their remarkably fine 
workmanship and attention to detail and to the results - 


- 





U. S. S. Easternchief, formerly Yoshida Maru 3d, in Scheldt River near 
Antwerp, Belgium 


they succeeded in getting as a regular occurrence—not 
as freak work. We were handicapped in having to trace 
all our circuits, as everything was lettered with name- 
plates in Japanese, and next time, we hope to have the 
pleasure of accepting a Japanese set lettered in English— 
ot at least with a blueprint under the mattress. 








In the June Wireless Age 


A New Three-Electrode Vacuum Tube 
An Oscillating Current Generator 


Two articles that will prove interesting 
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Radio Frequency Inductance Coils 


By M. K. Zinn 


Summary : The purpose of this paper is to discuss some 
of the practical considerations which enter into the 
design of inductance coils for radio frequencies, with par- 
ticular reference to their application in circuits intended 
for the reception of long undamped waves. The theoreti- 
cal behavior of coils at high frequencies is reviewed, and 
for illustration, impedance measurements on a typical an- 
tenna load coil are presented. 

GENERAL THEORY: The problem of designing a coil 
to function within a particular band of frequencies usual- 
ly presents itself in this form: 

To design a coil which will have a given inductance 
with the smallest possible resistance consistent with cost. 

At relatively low frequencies, the impedance of a coil 
approaches R + jpL where R and L are respectively its 
direct current resistance and inductance and p= 2 rf. 

At radio frequencies, however, the impedance departs 
from this ideal value chiefly by reason of two influences: 

1. Distributed capacity. 

2. Skin effect. 

DistrRIBUTED Capacity: For practical purposes, the 
distributed capacity of a coil may be represented by a fic- 
titious lumped capacity, C, shunted across its terminals. 
The magnitude of C may be found experimentally by 
measuring the self-resonant frequency of the coil when 
excited by a wavemeter very loosely coupled to the same. 
A better method is to measure the impedance of the coil 
with an impedance bridge properly shielded and arranged 
to give accurate results at high frequencies. C may then 
be computed from the frequency at which the angle of the 
impedance reverses its sign, knowing the low frequency 
inductance of the coil 

Tests indicate that this equivalent capacity is independ- 
ent of the frequency for ordinary types of coils. We may 
represent an inductance coil, then, by the schematic cir- 
cuit of figure 1, where R and L are the direct current 
resistance and inductance, respectively, and C is the 
equivalent capacity defined above. 

At this point it becomes necessary to differentiate be- 
tween two methods of connecting the coil in the circuit, 
viz.: (1) whether the acting voltage is applied externally, 
or (2) induced internally, with respect to the coil. The 
use of a coil as an antenna load inductance is representa- 
tive of the first case. The secondary coil of a coupling 
transformer is representative of the second case. Figure 
la shows the circuit that must be considered in finding 
the impedance offered to an external e. m. f. Figure 1b 
shows the circuit that must be considered in finding the 
impedance offered to an internal e. m. f. 

e 
In the first instance, the impedance Z = — is 
J 
R + jpL 
jp RC + (1 — p* LC) 


Separating this expression into its real and imaginary 
components we find respectively the effective resistance 
and reactance: 





R 


~ (pRC)* + (1—p* LC)? 





pL (1—p*LC) — p R?C 
(pRC)? + (1—p* LC)? 





Xetr = 


For coils of the type used in radio work, the terms pRC 
and pR? C are very small and negligible in comparison 
with (1—p? LC) at all frequencies except those very near 
the self-resonant frequency, or “critical” frequency, of 
the coil (i.e. where 1—p* LC = 0); so that the effective 
resistance and reactance are approximated very closely by 
the following: 

R 
Rete = ———————_ 
(1—p? LC)? 


pL 
1—p? LC 





(b) 
(guret figure 2 
Figure 1—Schematic circuit of an inductance coil. Figure 2—Theoreti- 


cal curves showing the action of a coil when the acting e. m. f. is applied 
externally 


The effective inductance is then, 


L 
i ee ee 
1—p? LC 
The effective resistance of a coil is a measure of its 
efficiency since it determines the current that will flow at 
resonance when the coil is used in a series resonant cir- 
cuit. From the above relation we see that this effective 
resistance is increased over the d.c. resistance by the fac- 


tor ———————___ This increase is attributable to the 
(1—p* LC)’. 

capacity of the coil alone, and is quite independent of the 

increase in resistance due to skin effect. 

The effective inductance of the coil in like manner has 
been increased by the factor ——————_ For practical 
1 — p* LC. 
purposes, we are interested only in the frequency range 
below the critical frequency of the coil. At higher fre- 
quencies the coil has negative reactance, that is, it no 
longer functions as an inductance. 

The behavior of a coil when the acting e.m.f. is applied 
externally is illustrated in the theoretical curves of 
figure 2. 

It may be of interest to note in passing that the capac- 
ity of a load coil may indeed have quite a beneficial effect 
in eliminating short wave interference. For example, the 
writer has a long wave receiver employing several load 
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coils immediately beneath the antenna. These coils quite 
accidentally have different self-resonant frequencies 
pretty well distributed over the short-wave spark range. 
The result is that neighboring spark station interference 
is very completely choked out, while otherwise these short 
wave signals would come in through the coupling capaci- 
ties and cause trouble, even if the secondary circuit were 
tuned to 10,000 meters or more. 


In the second instance (figure 1b), where the coil is so 
located that the acting e.m.f is internally applied, the dis- 
tributed capacity effect does not increase the effective re- 
sistance of the coil. The effective inductance is changed 
by a small amount depending upon the dimensions of the 
remainder of the circuit. In fact, in this case, the effect 
of the coil capacity is unimportant and entirely negligible, 
at least if the tuning condenser associated with the coil is 
sufficiently large in comparison. 


Sxin Errect: The second influence which causes the 
effective resistance of a coil to depart from its ideal d.c. 
value is the well-known “skin effect.” 


| [orton aioe hecho senpo Tow ex 
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Figure 3—Graphic curves giving the results of calculation and meas- 
urement on a sample coil 


Unfortunately, the magnitude of this effect cannot be 
accurately predicted when the conductor is wound into 
any form of multilayer coil. In general, however, the 
skin effect appears to be considerably greater in a multi- 
layer or bank-wound coil than in a single layer coil, the 
skin effect in the latter being in turn greater than that in 
a straight wire remote from other portions of the circuit. 


In default of an accurate formula for predetermining 
the skin effect in multilayer coils, the designer must resort 
to his accumulation of test data on coils of various dimen- 
sions. The results of impedance measurements on a 
four-bank load coil are presented below and may serve as 


a rough guide in estimating the increase in effective re-’ 


sistance due to skin effect for coils of. similar construc- 
tion. 


EXAMPLE: Table I and the curves of figure 3 present 
‘the results of calculation and measurement on a sample 
coil. This coil consisted of a four-bank winding of No: 
21 D.C.C. solid wire on a threaded bakelite tube 6 inches 
in diameter. Specific dimensions are given on figure 3. 








As a basis for calculation, the self-resonant frequency 
of the coil was first determined by the simple wavemeter 
arrangement sketched in figure 4. This measurement 
gave the equivalent lumped capacity, C. The D.C, in- 
ductance of the coil was computed from Brooks and Tur- 
ner’s data offered in bulletin 53 of the University of IIli- 
nois. ; 

From these data it was possible to compute the effec- 
tive resistance including the increment due to the capacity 
effect but exclusive of that due to skin effect, from 


R 
—_—————— (Curve 1). 
(1— p* LC)’. 


For purposes of comparison, the effective resistance 
was again computed taking also the skin effect into ac- 
count on the basis of a straight isolated wire—from 


RK R 
—_——_—_—_——_: (where K is the “resistance ratio,” ——, 
(1— p? LC)? Ro 
given in “Radio Instruments and Measurements.” (Wire- 
less Press, N. Y.) These results are plotted on curve 2. 

Impedance measurements were then made to determine 
the magnitude of the actual skin effect in the banked 
winding. The measurements in question were made by 
means of the radio frequency bridge sketched in figure 
5. Although elementary precautions were taken to main- 
tain a balance between the capacities to ground of the va- 
rious corners of the bridge, it was found that shifting the 
apparatus changed the balance point noticeably, so that 
an accuracy greater than 5 per cent. is not claimed for 
the results. 

Table I summarizes the increments in effective resist- 
ance contributed by the capacity and skin effects. The 
effective inductance apparently did not suffer any appre- 
ciable deviation from the theoretical values computed 


from the capacity effect formula along: —-————— The 

1 — p* LC. 
inductance curve has been plotted from these calculations. 
The points on the curve represent the results derived 
from the impedance determinations. 


Types or Corrs: By far the most practical and con- 
venient information available for the rapid computation 
of the inductance of coils of all shapes is contained in 
bulletin 53 of the University of Illinois by Brooks and 
Turner. The results obtained from these data are suff- 
ciently accurate for engineering work. 

This paper assigns to all coils three characteristic 
dimensions, viz.: a, the inside radius of the winding; b, 
the length of the winding; and c, the depth of the wind- 
ing. It is shown that a given length of wire will have a 
maximum inductance when wound into a multilayer coil 
of the relative proportions, a:b:c = 1:1.2:1, approxi- 
mately. Coils containing the same length of wire but of 
different proportions will have a lesser inductance equal 
to a “shape factor,” Fo, times the optimum inductance. 
Curves for Fo in terms of the fundamental dimensions 
a, b, c are given in the bulletin. 

If we accept these relations, we may draw certain in- 
structive conclusions regarding the relative efficiencies of 
various types of coils for radio work, keeping in mind 
that our problem consists in designing a coil for a given 
inductance with the smallest possible resistance consistent 
with cost. 

Coils employed in circuits intended {o receive long 
wave signals, i.e., 5000 meters or more, fall into three 
classifications : 

1. Single layer coils. 

2. Multilayer coils. 

3. Bank-wound coils. 
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As stated above, the effective resistance of a coil is an 
inverse measure of its efficiency. This effective resistance 
may be expressed as 


Ree =R+R+R, 


where R is the direct current resistance, R, is the incre- 
ment in resistance caused by the distributed capacity ef- 
fect, and R, is the increment in resistance caused by the 
skin effect. 


The single layer coil possesses a decided advantage in 
that it suffers a smaller resistance increment due to capa- 
city and skin effect. However, for a given inductance, 
such a coil requires a very much greater length of wire 
and therefore has a much greater D.C. resistance than a 
coil of the same inductance wound in either of the other 
two forms. A glance at the curves of figure 3 will show 
that for long wavelengths, the D.C. resistance R is decid- 
edly the largest term in the total, R + R, + R,. For 
wavelengths in excess of 5000 meters, therefore, a bank- 
wound coil is many times more efficient than a single 
layer coil. Brook’s shape factor data shows, in fact, that 
a single layer coil may have a D.C. resistance as much as 
ten times the D.C. resistance of a bank-wound coil of the 
same inductance. For long waves, some form of multi- 
layer coil approaching the maximum inductance shape is 
nearly always even more efficient than a bank-wound coil. 
The reason is, in brief, that the increase in resistance due 
to the greater capacity and skin effect in the multilayer 
coil is more than made up for by its smaller direct cur- 
rent resistance, since the latter comprises the major part 
of the total effective resistance at these frequencies. 

Of course, for short wavelength circuits the reverse is 
true ; that is, when the frequency is high enough to cause 
R, + R, to become comparable in magnitude with R, the 
single layer coil may be the most efficient. 

A type of coil called the “honeycomb-wound” coil has 
recently appeared on the amateur market. It is a multi- 
layer coil with the layers wound askew so as to enable 
the turns to be spaced while still retaining the desirable 
multilayer maximum inductance form. The spacing of 
the turns is no doubt quite effective in reducing the incre- 
ments R, and R,. At the same time it is obvious that for 
a given inductance a greater length of wire is required 
due to the less compact nature of the coil, which in- 
creases R a certain amount. Whether the total Rett is 
reduced by the scheme depends of course upon the rela- 


Nore: The resistance increase caused by dielectric loss in the insula- 


tion of the wire is entirely negligible at frequencies lower than 60 kilocycles, 
in comparison with the three terms just mentioned. 
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TABLE I 


Characteristics of 47.5 Milhenry Load Coil 
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tive magnitudes of these two opposite effects for a given 
frequency range. 

he term R, can be most effectively reduced by the use 
of litzendraht wire in place of solid wire. At high fre- 
quencies, where R, occupies a formidable proportion of 
the total, Retr, litzendraht is highly desirable. For long 
wavelengths, however, its desirability becomes more 
questionable. The choice between solid and litz-conduc- 
tor must be governed by the practical consideration of 
maintaining a balance between the increase in efficiency 
and the accompanying increase in cost. 

For example, in the case of the load coil whose effec- 
tive resistance is shown on figure 3, it would have been 
decidedly uneconomical to use litzendraht braid. At the 
minimum wavelength for which this coil was designed, 
5000 meters, R + R, is 14.1 ohms and R, is 2.1 ohms. 
Assuming for the moment that the use of an equivalent 
litz braid would have eliminated the skin effect entirely, 
the resulting gain in efficiency would have been about 15 
per cent. at the same time, the cost of the coil would have 
been increased about 225 per cent. This increase in cost 
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Figure 4—Simple wavemeter arrangement used in making calculations 
Figure 5—Radio frequency bridge used in measuring impedance 


might possibly have been justified had the coil been in- 
tended for use in a standard measuring circuit, but never 
in the case of its application to a practical receiving cir- 
cuit; since a 15 per cent increase in audibility can be 
gained far more cheaply by a few modifications in the 
amplifier. 
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EXPERIMENTERS’ WORLD 


Views of readers on subjects and specific problems they would like to 
have discussed in this department will be appreciated by the Editor 














A Spark Coil Panel Transmitter 


I N the design of spark coil panel it 

is not sufficient that we merely 
group the apparatus as conveniently 
as possible; an effort should be made 
to centralize and simplify all variable 
factors so as to make them easily and 
quickly adjustable. In spark coil de- 
sign it is difficult to calculate the 
values of capacity and inductance re- 
quired, hence we make them adjust- 
able, actual tests determining the 
proper values. Furthermore, the 
modern spark coil set must be induc- 
tively coupled with the antenna, or 
trouble is sure to result from interfer- 
ence with other stations. 

The set described here possesses 
several novel features, including a 
quenched gap as well as an easily ad- 
justable oscillation transformer. Fig- 
ure 1 illustrates a front view of the 
panel with the apparatus assembled. 
For the sake of clearness the second- 
ary of the oscillation transformer is 
omitted. 

The panel may be made of bakelite 
or fibre. Any hard wood, however, 
will serve if insulating washers are 
used in mounting the live parts. 

The panel, which should measure 
12” x 15”, is attached by braces to a 
base 12” x 10”. 

A hole is cut in the lower left cor- 
ner of such a size that the interrupter 
on the spark coil mounted in the rear 
can be adjusted. A switch occupies 
the lower right corner. 

Above the .nterrupter is mounted 
the quenched gap. This comprises 
two brass rods 4%” square, and 114” 
long, mounted 114” apart. The upper 
rod is drilled and tapped to take an 
adjusting screw 1” long which serves 
to hold the gap elements together. 
The elements of the gap are made 
from a strip of copper 1” wide and 1%” 
thick. This strip is cut up into one 
inch lengths and all corners neatly 
rounded with a fine file. The faces of 
the elements are polished up on fine 
emery or sand paper. Eight elements 
suffice for a one-inch coil, the exact 
number to be determined by test. 

Separators one inch square are cut 
from mica .005” thick, a hole 54” in 
diameter being cut in each with sharp 
pointed dividers. In assembling the 
gap, alternate pieces of copper and 
mica are piled up, the edges made even 
by tapping on a flat surface and then 
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clamping them between the brass 


posts rather tightly. 


The condenser for a one inch coil 





Prim of oscil! 





plates being brought out separately 
for the purpose of varying the capa- 
city. The usual practice of coating 














Figure 1—Front view of panel with apparatus assembled 


can be made by placing 7 plates of tin- 
foil or thin copper or brass 4” x 6” be- 
tween sheets of glass 6” x 8”. Four 
of the plates have lugs brought out to 
a common terminal, the other three 
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the plates with vaseline should be fol- 
lowed, clamping them between two 
pieces of wood 6” x 8”. 

The condenser unit is held upright 
behind the panel by 4 brass clips as 
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shown in the side view, figure 2. A 3- 
point multiple switch on the front of 
the panel controls the capacity. This 
js made in the usual manner from a 
semi-circle of thin copper with a 
radius of 1”, fitted to an insulating 
knob. The copper is split near the 
edge with a pair of snips, 3 contacts 
connecting to the condenser plates be- 
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threaded on it. The slots permit the 
up and down movement of the rod 
when the coupling is varied by turn- 
ing the knob. 

The flexible leads to the primary are 
passed through holes in the panel 
properly bushed to prevent leakage of 
the high voltage current. 

The hookup presents no difficulties. 


Secondary of oscillation 
Prim. of .__ys camo" transformer 








Guenched Gap” i 
Condenser 3w.--" 


Switch, 





fondenser 
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Figure 2—Side view of panel showing condenser unit, oscillation trans- 
ormer and other apparatus in place 


ing mounted so that the copper con- 
tactor travels over them. 

The oscillation transformer is sim- 
ple in construction, the primary and 
secondary being identical. The cross 
is made from 34” x 34” strips, notched 
and glued together. Before assem- 
bling, holes are laid out and drilled in 
the arms to pass No. 10 copper wire. 
It is preferable to use stranded wire 
or difficulty will be experienced in 
threading the wire through the holes. 
If preferred, slots can be cut for the 
wire in place of holes, thus simplifying 
the assembly. The turns are 34” 
apart, starting 114” from the center, 
making 5% turns. 

The secondary is mounted on the 
rear of the panel as shown in figure 2. 
The primary is mounted on the front, 
being pivoted at the bottom by a small 
brass hinge. The adjustment for 
coupling is obtained by means of a 
threaded rod shown in the side view. 
One end of this rod is fitted with two 
huts jammed together and_ slipped 
through a slot in the panel. The pri- 
mary is slotted directly opposite and 
the rod passing through has a knob 
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be mounted on the base at the rear. 
This leaves a clean panel with no 
wires at the front, making unneces- 
sary the drilling of the operating 
table. 

The wiring diagram shown in figure 
3 shows the preferred method of wir- 
ing in the aerial switch. This reduces 
leakage across the switch, permitting 
the use of a smaller and more compact 
aerial switch. In addition, the lead 
can be brought directly to the second- 
ary of the oscillation transformer, 
making a much neater installation. 

It should not be necessary to dwell 
on the advantages of this set. By 
marking the inductances with differ- 
ent values of capacity the set may be 
tuned for three or more wave-lengths. 
In this connection it might be well to 
state that for local work it is best to 
cut down the wavelength to 150 
meters or so. This will enable a spark 
set to get through when a number of 
sets are working around 200 meters. 
For maximum distance, however, the 
wave length should be run up to the 
limit, 200. meters. 

Most Government stations do not 
tune lower than 300 meters, so even 1i 
you run over 200 and emit a sharp 
wave, little interference will resuit. 
By all means, keep the wave sharp. it 
is easily accomplished with an mduc- 
tively coupled set as described. Watch 
your operating range increase. 

For other than a one inch spark coil 
the size of condenser and number of 
gap elements will be different. Fora 
Y% coil, use 5 plates in the condenser 
and about 4 elements in the gap; for a 
2” coil, use 9 plates in the condenser 
and 12 or 14 elements in the gap. The 
panel described will permit of the 
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Figure 3—Wiring diagram used in the spark coil transmitter 


Stranded wire is preferred. Binding 
the wire in smooth curves and keeping 
it away from all supports maintains 
the efficiency. No connections are 
made to the front of the set. Binding 
posts for the primary current should 


change of power, the gap being de- 
signed to take more elements, and the 
condenser can be increased by adding 
plates. One of each pair of additional 
plates can be connected permanently 
to the condenser switch. 
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Multi-layer Inductances for Long 


eam many obvious reasons coils of 
rectangular cross section are 
much more convenient than single lay- 
er solenoids when one wishes to effect 
reception at the longer wave-lengths. 
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Figure 1—Dimensions used in the formula. 






Wave Work 


By Frank V. Bremer 


the wave-length of the circuit of which 
the coil is a part. 

Although it is considered best 
practice to use single layer solenoids 
when dealing with shorter wave- 
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figure 2 


Figure 2—Constructional 


details of block used for winding the co 


Not only are there physical advantages 
arising from decrease in amount of 
space taken up by the coil but there 
are no electrical disadvantages which 
will in any way materially affect the 
results to be obtained when coils of 
rectangular cross section are used. 
The usual large single layer loading 
inductances are very awkward to han- 
dle and there is always the disadvan- 
tage that, by reason of the compara- 
tively low value of distributed capacity 
which the long solenoid has, any move- 
ment of the hand in the immediate 
neighborhood of the long coils changes 
the effective distributed capacity. As 
a result the wave-length of the circuit 
of which the coil is a part is also 
changed. In the case of the multi- 


lengths, it is possible to build and use 
multi-layer coils of rectangular cross 
section on the shorter wave-lengths. 


a very fair approximation of the in- 
ductance value of a multi-layer coil of 
rectangular cross section may be ob- 
tained. Here m equals the number of 
turns, a the mean radius, 6 the width, 
and c the radial depth in centimeters, 
See figure 1. For example, assume 
that we wish to construct a coil to work 
up to 10,000 meters in conjunction 
with a variable capacity having a 
maximum value of .001 microfarad. 
Using the formula, A= 59.6 y LC, 
we determine that approximately 28,- 
000,000 cms. inductance will be re- 
quired. Ignoring the distributed ca- 
pacity and assuming that the coil is 
to be 6” outside diameter and 1” wide 
and the winding to have a radial depth 
of 1”, we find by solving the equation 
for m that it will be necessary for us 
to place within this space (1” x 1”) ap- 
proximately 910 turns of wire. It will 
then be necessary, of course, to choose 
a size of wire such that it will be pos- 
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Formulas for the calculation of 
multi-layer inductances of rectangular 
cross section are to be found in the 
circular of the Bureau of Standards 





Figure 3— Rectangular cross section coils constructed by an amateur in 
New York 


layer coils, the distributed capacity is 
not only considerably higher, but the 
electrostatic field of the coil is so con- 
centrated that the proximity of foreign 
bodies has no appreciable effect upon 





No. 74, “Radio Instruments and 
Measurements.” In the formula 
4r n?a? 


C= : 
.2317a + .4466b + .39c 





Figure 4—Position of the coils in a receiving circuit 


sible to place this number of turns 
within the space allotted, but if only a 
certain size of wire is available for 
use, a certain number of turns in a 
certain area may be assumed and the 
formula solved for L which being too 
large or too small, a new assumption 
is made, etc. 

For undamiped wave reception in 
conjunction with vacuum tube detec- 
tor, three coils will be required, viz. 
a primary, a secondary and a tickler 
coil. The coils are all constructed in 
a similar manner, the only difference 
being in the dimensions, these varying 
with the wave-lengths. A solid block 
of close-grained wood, such as birch, 
of a size suited to the dimensions of 
the coils to be constructed, is selected 
and placed in a lathe. This block is 
turned round to the correct diameter 
and width. Without removing it from 
the lathe a slot of square cross section, 
figure 2, is turned in and the whole 
given a smooth finish. 

A layer of bond paper, about .01”, 
is then laid in the bottom of the slot 
and the winding is begun by placing 4 
layer of wire upon the paper, being 
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sure to have the turns all even and to 
fill the layer up full. Another layer 
of bond paper is then laid over the first 
layer of wire and the winding is con- 
tinued, a layer of paper being placed 
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so as to get the exact center, and glue 
a piece of round stick between the 
boards, but do not fasten the pieces 
together. The winding is done about 
as outlined above. Some dimensions 
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Figufe 5—Wiring diagram of a 


over each layer of wire, etc., until the 
slot is completely filied up. 


For use in conjunction with the 
average amateur antenna it will usu- 
ally be found desirable to construct 
two coils of the same dimensions for 
each range of wave-lengths chosen, 
one of these for use as a primary and 
the other for use as a secondary. The 
tickler coil may be made smaller and 
usually a value of inductance about 
one-third that of the secondary is suf- 
ficient. Because of its lower resist- 
ance, it is desirable to use Litzendraht, 
but solid wire may be used with exce]- 
lent results. No taps should be taken 
off from any of these coils. 

For those who may have difficulty 
in having the forms for the winding 
of the coils turned out a substitute may 
be made by obtaining two pieces of 
close-grained board %” thick and cut 
to the desired size. Next obtain a 
round piece of wood of the proper 
diameter, divide each piece of board 





AVING designed and operated 
the receiving set shown in the 
photo, and since my results were so 
good in every respect, I am submitting 









































circuit that gives iderable lifi 
tion 


of coils constructed in this way are 
given below and are shown in figure 3. 
All the European stations have been 
copied in Jersey City, using these coils 
in connection with an antenna 150 ft. 
in length and a single vacuum tube. 
For wave-lengths from 2,200 to 
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For wave-lengths up to 15,000 
meters, the diameter of the core should 
be 3”, width of slot 34”, depth of slot 
%”, wound with about 2,100 turns of 
No. 10-38 Litzendraht. In this and 
the above case, 6.5 mil paper was used 
between layers. 

For receiving, the coils should be 
placed as shown in figure 4. In the 
event that the circuit does not oscil- 
late, the position of the tickler coil T 
as related to the secondary S, should 
be changed and it may be that the coil 
should be reversed in the circuit. This 
same effect may be accomplished by 
reversing it in its plane. If every- 
thing is in proper order, a slight click 
will be heard when it is dropped from 
a plane parallel to the plane of the 
secondary coil to a plane at right an- 
gles to the secondary coil. Figure 5 
shows another circuit which may be 
tried and which gives considerable 
amplification. Here C has a capacity 
of about .5 microfarad; L an iron core 
inductance such as the secondary of a 
telephone transformer. For damped 
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Figure 6—Diagram of a circuit suitable for damped wave reception 


6,000 meters the diameter of the core 
should be 2”, width of slot 14”, depth 
of slot 14”, wound with about 300 
turns of No. 10-38 Litzendraht or No. 
28 single silk-covered wire. 


A Modern Receiving Se 


By L. W. Van Slyck 


the specifications, believing they might 
be of interest to readers of THE 
WIRELESS AGE. 

The “loop” is constructed as shown 
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Figure 1—Wiring diagram of circuit used 


wave reception the circuit shown in 
figure 6 is convenient. 

The coils shown in the photograph 
were constructed by an amateur, Emil 
Heydolph, of New York. 





in figure 2, and can be seen at the left 
in the photograph. The loading coil 
and the “X” circuit coil may be made 
in any required dimensions. For 2,500 
meters, I find that a coil 4” in diameter 
and wound for a length of 10” with 
No. 24 wire is amply sufficient. 

The two variables, Vx and Vs are 
of .0OOL and .0005 mfd. capacity, re- 
spectively. The loading coil, LC, and 
the loose coupler K, may be of any de- 
sign for the range of wave lengths de- 
sired. I am using a loading coil simi- 
lar to the coil X, and about half as 
long, with a “Blitzen” receiving trans- 
former. The rest of the outfit is, I be- 
lieve, self-explanatory. 

When it is desired to use the loop, 
open switch SW, turn the secondary 
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The complete receiving set using a loop antenna 


of the receiving transformer to 0° 
coupling and disconnect the outdoor 
antenna (if desired). Then tune with 
Vs and Vx, orientating the loop until 
signals are a maximum. 

With the set described, and using 


An 


‘THIS type of antenna switch is 
somewhat different from the 
usual ones in use today. It is a rotary 
type, as will be seen from the dia- 
grams that accompany this article. 
Details of the construction follow: 
Procure a rubber or dilecto cylinder 
4” long and 114” in diameter, 6 inches 
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the loop, I find no trouble in copying 
along the coast from NAH to NAR, 
and NAT, and the large majority 
come in plenty loud enough to read. 
Using the outdoor antenna with 
these instruments, the same stations 


come in about five times as loud, and, 
of course, many others which are in. 


























Figure 2—Dimensions and constructional 
details of the loop 


audible with the loop. The loop in 
this form is not highly directive, hay- 
ing a maximum range of orientation 
for a given signal of approximately 
60° without a noticeable change in 
signal intensity. 

If it is desired that the loop be more 
directive, it can be wound pancake 
style. 


Antenna Switch 


By F. McGuirk 


1-5/32” in length. Draw two lines 
and bend the brass to fit the cylinder. 
When fitted snugly, place each piece 
14” apart and screw it down. These 
are put in place between the lines. 
Next put the rod through the cylinder 
and thread the ends for bolts to pre- 
vent the cylinder from slipping. Now 
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Constructional details and dimensions of the antenna switch 


of brass strip, 4" wide and \%” thick, 
and 3 inches of brass %” wide by %” 
thick, and about 3 inches of phosphor 
bronze strip, 14%” wide and 1/64” 
thick. The phosphor bronze must be 
thin enough to have a kink put in it. 
Some brass rod 5” long and 4” thick, 
and two bakelite strips 444” long each, 
and 4” wide and 4%” thick will also be 
needed. The cabinet and knobs may 
be constructed to suit the builder. 
First, on each end of the cylinder, 
draw 4 equal right angles. Cut the 
brass into pieces (both sizes) of 








.cut the phosphor bronze into strips 


1” wide. In the one end cut out about 
¥%” in the middle to increase the 
spring and hammer a kink in it similar 
to the kink in figure 3. Then take the 
bakelite strips and drill holes of a size 
to fit the builder’s screws or bolts at 
¥,” from either end and in the center 
of the strip. 

The cabinet is very easy to make; 
the front should be put in place last. 
The end of the rod should set 1%” in, 
as is shown in figure 1. The bakelite 
strips should be put in place 114%” from 


the bottom and the phosphor bronze 
strips stuck in and left 34” out. When 
the strips are in place and wires are 
“soldered into them the front may be 
put in place. The strips should be 
bent until they bear with force on the 
cylinder itself to make a still better 
contact on the brass. When the strips 
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Figure 3—Cut-away view to show method 
of connecting 


are properly in place and function 0. 
K. then connect the wires to the bi 
ing posts on the top, labelling every 
thing carefully. The knob may b 
placed on the previously threaded rod 
and the lettering on the front. 

This makes a switch that can b 
shut off and on from the operators 
table, and prevents the aerial from 
having a clear path right through the 
apparatus. The operation is positive 
and the builder could arrange a spring 
to make it impossible to leave the 
switch only half on. 
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A 60-Watt Low Power Transmitter 


HE set described in this paper is 
one which has actually been built 
and used by the writer and has given 
the most satisfactory results. Several 
important considerations which result- 
ed in the choice of this set may prove 
interesting to the amateur.. 
A simple set was desired which 
would transmit about 25 miles, operate 
at maximum efficiency without making 


By L. R. Felder 
FIRST PRIZE, $10.00 


amateurs imagine. Again the tube set 
depends to a large extent on the con- 
stancy of the different items in the set. 
Those who have had any experience at 
all with tube sets know that if for some 
unknown reason the capacity of the 
antenna has changed the least bit, the 
adjustments of the set will have to be 
changed or the set may not operate at 
all. In other words, the tube set is 





Figure 1—Assembly of the induction coil used in the 60-watt low-power 


Figure 


transmitter 


numerous adjustments, and could be 
built out of material which every ama- 
teur already has. A further consider- 
ation was that it should not depend for 
its operation on peculiar differences in 
the different items of the set. The set 
which fills these requirements best is 
one consisting of a battery operated 
induction coil, properly designed, actu- 
ating a closed circuit directly coupled 
to the antenna. 

While vacuum tube sets are coming 
more and more into use, the writer did 
not think it desirable to use one in this 
case, although he has had considerable 
experience with tube sets. In the first 
place, with the tube set, the question 
of life is an important item. Although 
the tubes that most amateurs are using 
are of a very high standard they burn 
out occasionally, especially when they 
are used for transmitting. Further- 
more, too many tubes would have to be 
used for the powers desired. For the 
above power rather high voltages 
would be required. This either means 
ahigh voltage D. C. generator which 
S quite expensive, or using rectified A. 
C. which involves the building of a 
transformer with the required smooth- 
ing out circuits, all of which means 
considerable expense, and requires a 
good deal more experimenting and 

ing to get results than most 


too critical for good amateur use. This 
statement applies to any small change 
that may occur in any other part of the 
set. 

The set described has none of these 
defects and is very easily built and 
does not require a large amount of 
apparatus. The diagram in figure 3 
shows all the apparatus needed, and 
what the set consists of. It consists of 
a specially designed induction coil the 
primary of which is operated by means 
of a key and 12-volt storage battery. 
The secondary is connected across two 
condensers in series, which with the 
spark gap and inductance form a 
closed circuit. The inductance is di- 
rectly coupled to the antenna. As seen 
in figure 4, the assembly is very sim- 
ple and the items in the set are reduced 
to a minimum. When assembled and 
placed in its case, the whole set occu- 
pies a space of about 10 x 6 x 6 inches. 

The transformer which has been 
built for this set, is an unusually good 
one and is recommended to all. The 
details of the design and construction 
are given so that any one may build 
one without having to go through the 
whole process of designing it. It is in- 
tended to be used with a 12-volt stor- 
age battery. The secondary voltage 
necessary to jump the gap is 7,000 
volts. The ratio of transformation is, 


therefore, 600. The primary consists 
of 80 turns of No. 20 D.C.C. wire 
wound in 1% layer along a length of 
3 inches. The primary is wound di- 
rectly on the core. The core is made 
up of silicon steel strips No. 29 gauge; 
this is, 0.014 inches, 334 inches long. 
The strips are tied together by linen 
tape and when built up, occupy a space 
i, x Y% x 3% inches. 


2—Detailed side and end views of the 


quenched spark gap 


The secondary is wound on a tube 
% inch inside diameter and 1% 
inches outside diameter. The tube is 
made of paper rolled on a mandrel of 
the proper size. The paper is thor- 
oughly shellacked and allowed to drv 
well. The secondary is then wound 
on the tube. The secondary consists 
of 6 pies, with 8000 turns per pie, total 
number of turns being 48,000. The 
size of the wire is No. 40 enameled. 
Each pie is 0.45 inches long and has 
130 turns per layer, with 611% layers. 
The insulation between layers is paper 
about 0.005 inches thick and about 
0.45 inches wide. The pies are insulat- 
ed from each other by fish paper 0.020 
inches thick, 114 inches inside diame- 
ter and 1.725 inches outside diameter. 
In winding the pies it was found that 
the niost convenient way of winding 
them without running into trouble due 
to high potential leads crossing low 
potential leads, was as follows: Wind 
coils, 1, 3, 5, as shown in figure 1. 
Then turn winding form around and 
wind coils 2, 4, 6, always starting at 
the bottom left. Then solder connec- 
tion as shown so that one continuous 
winding is formed. The whole wind- 
ing should then be covered with one 
wrapping of bookbinder’s cloth. 

The assembly of the transformer is 
seen in figure 1. The base is made of 
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cast ‘aluminum about % inch thick. 
The spring is made of spring steel, and 
the armature which is riveted to the 
spring is made of soft iron. The con- 
tacts are silver % inch in diameter. 
There are two screw adjustments 
which are made of brass. The upper 
screw adjusts the spacing of the con- 
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0.005 mf., the total effective capacity 
being 0.0025 mf. The size of these 
condensers can be very easily figured 
by the usual conventional formulas 
and is therefore not given here. It is 
advised that 2 mil mica be used. 

The voltage which is built up across 
the terminals of the condensers dis- 

























tacts and the lower adjusts the tension 
of the spring. As indicated in the dia- 
gram, the spring is insulated from the 
base by a dilecto spacer. 

There are two condensers across the 
secondary of the induction coil. The 
object of the two condensers is to pre- 
vent possible breakdown and to pro- 
vide ample capacity over which to dis- 
tribute the potential. One condenser 
can of course be built to withstand the 
voltage generated across the second- 
ary. Each condenser has a capacity of 


& operator of 2KV_ the writer has 
noticed that in the past two 
months QRM has again reached the 
same stage as it did in 1917. It is im- 
possible to do any long distance ama- 
teur receiving or relay work until after 
10 or 10:30 p. m. 
This is not alone due to the spark 
coil—which has been blamed for inter- 
ference to such an extent that it is 
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Figure 3—Diagram showing hook-up of instruments 


charges through a quenched spark gap 
and inductance. The inductance used 
is a flat spiral made up in the usual 
way. There are three and one-half 
turns of copper strip %4 inch wide by 
1/32 inch thick. The turns are spaced 
Y% inch. The adjustments are made 
for the proper wavelength by taking 
taps off the spiral, as shown in figure 
3. 

The spark gap (figure 2) is of the 
quenched gap type. There are three 
plates forming two gaps. The plates 


By Walter A. Remy 
SECOND PRIZE, $5.00 


looked upon as a thing only capable of 
causing QRM—but also the big trans- 
former station. The writer, in fact, 
has experienced more trouble with the 
latter than with the spark coil. More 
than once two stations 5 or 6 miles 
apart have been heard working with 
Y4 kw. power on each end, and in some 
cases even 1 kw. 
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Wireless supplies especially for the amateur. 
Magnet wire, brass and zine rod, inductance 
tubes. Standard wireless knob and lever 385c. 
Switch points and screws 25c dozen. One piece 
switch point with screw stud and nut 40c dozen. 
NOVOTOY RADIO SHOP, 20 West 6th St., 
Charlotte, N. C. 











If you have anything to sell or if you want to 
buy something use these columns to get results. 
You can reach the people who are interested in 
what you want to buy or sell and you will get 
quick action. 








are made of %4 inch brass or copper 
silver plated. Each of the plates has 
a clearance hole of 1% inch so that the 


Y% inch screw running through the 


plates does not short-circuit any of the 
sections. The upper and lower plates 
both rest on the center plate but are in- 
sulated from each other in the center 


























ates with very little trouble. 


Figure 4—Panel arrangement of instruments 


by mica 0.005 inches thick. The spark- 


ing takes place at the formed portions 


of the plates at the outer circumference 
and the sparking distance per gap is 
0.005 inches. The mica insulators are 
0.005 inches thick, % inch inside dia- 


meter and 14 inches outside diameter. 

The set has proved very successful, 
is very simple to construct and oper- 
It puts 
about 34 ampere in the usual amateur 


antenna and can be depended on -to 


send at least 25 miles. 


The Design and Construction of a Low 
Power Transmitter for Local Use 


The Government Station License 
says that only the minimum amount of 
power necessary to carry on communi- 
cation should be used. It is the pur- 
pose of this article to describe the con- 
struction of a spark coil transmitter 
which serves the double purpose of re- 
forming the spark coil and of provid- 
ing a transmitter which can be used by 
the big stations for local work. 

Let us first consider the technical 
aspects of a low power transmittef. 
There are two types, namely, the vac- 
uum tube or continuous wave trams- 
mitter, and the spark coil set. The 
vacuum tube set has the advantage of 
having little or no decrement and 
therefore produces a very sharp wave, 
causing practically no QRM. On the 
other hand, the initial expense of this 
type of transmitter makes it prohibitive 
for general use, for the builder must 
purchase the tubes and solve the finat- 
cial problem of supplying the plate 
voltage. There are two types of spa 
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coil sets. The one in which acommu- writer’s station ; it is quite efficient,and x 16” in width and length, respectively. 











‘i tator interrupter is used in the primary with 6 watts input on exactly 200 A small DPST switch is used to con- 
: circuit and a synchronous rotary gap meters, signals from this station have nect the power to the set. Above this 
; in the secondary circuit is exceedingly been heard at a distance of 25 miles. is the spark gap, and then comes the 
efficient, but for economic and con- Sixteen miles is the consistent working hot wire ammeter, which is of small 
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Figure 1—Front view of panel 








Figure 2—Side view showing layout of apparatus 











structional reasons this, too, is imprac- 
tical for general use. Hence, we have 
left the conventional type of spark coil 
transmitter with a vibrator and a fixed 
gap. 

The panel type set which is de- 
scribed in this article has been con- 
structed and is in daily use at the 





range—ample enough for local work. 

The set mainly consists of a spark 
coil (a Ford ignition coil was used), a 
fixed spark gap, condenser, and pan- 
cake type helix. 

The front view of the panel is shown 
in figure 1. This panel may be of bake- 
lite, asbestos, or hard wood, and is 10” 


scale, with the shunt switch to “short” 
it when it is not in use. 

The side view (figure 2), shows the 
general layout of the apparatus. The 
spark coil is mounted on the condenser, 
and may be of 14” to 2” rating. It is 
not recommended that the spark coil be 
built, as it requires a considerable 
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For five cents, to cover cost of packing and 
mailing, we will send one nickeled switch 
point and nut free. If requested this amount 
credited on first order for two dozen at regu- 
lar price of 
35c per dozen 
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amount of labor to construct one and 
the expense will not be much less than 
the manufacturers’ selling price. 

The spark gap may be purchased or 
constructed, as the builder may desire. 
It is mounted on the panel and should 
have sparking electrodes at least 34” 
or ¥%” in diameter, depending upon the 
power of the set. Four cooling fins 
1144” in diameter should be provided 
on each electrode and should be of 
brass. This offers a large amount of 
surface which dissipates the heat and 
keeps the gap cool, making it more effi- 
cient. 

The condenser consists of three 
glass plates 4” by 6”, coated on either 
side with tin-foil 3” x 5”, connected in 
parallel. Lugs 34” x 114” must be in- 
cluded in each tinfoil conductor. This 
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wound on two cross-pieces 9” long by 
y4” square. On the supports were 
wound 9 turns of 44” copper ribbon 
spaced 3@” apart. When making the 
grooves for the ribbon, remember to 
begin in the first notch on each arm 14" 
further from the end than the preced- 
ing arm, so as to form a perfect spiral. 
The first notch of the first arm is cut 
1,” from the end, the first notch of the 
second arm 3%” from the end, and so 
on. Each notch should be 34” deep, 
The helix is then mounted at right 
angles to the panel by an angle bracket. 
It will be noted that the various instru- 
ments are close together and the leads 
will be very short. 

The conventional transmitter circuit 
is shown in figure 3. For greatest effi- 
ciency the leads should be of braided 
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Figure 3—Diagram 


condenser is mounted on a piece of 
bakelite or hard wood of the same di- 
mensions as the condenser, fastened to 
the panel by means of angle brackets, 
or it may be placed directly on the op- 
erating table. Another piece of bake- 
lite or hard wood about the same size 
as the base of the spark coil is placed 
on top of the condenser, upon which 
the coil is mounted. These pieces in- 
sulate the condenser from the other 
parts of the transmitter. 

The helix was chosen in preference 
to the oscillation transformer, after a 
little experimenting which showed that 
there was too much loss between the 
primary and secondary. The wave 
emitted when the oscillation transform- 
er was used was sharper, but with the 
helix in use the emitted wave was 
sharp enough for all practical pur- 
poses, and there was a greater radia- 
tion. And again, the helix was used 
on most of the army’s low power spark 
sets during the war. The helix is 


of the transmitter circuit 


copper ribbon, which has a large con- 
ducting surface and is quite flexible. 

In conclusion, it might be well td 
note several points in adjusting this 
transmitter. No one must expect to 
get the results mentioned in the first 
part of the article without the use of a 
wavemeter and, of course, the hot wire 
meter. As the use of the wavemeter is 
taken up at length in various text 
books nothing will be said about its use 
here. Another point to keep in mind is 
the vibrator of the spark coil. As long 
as the vibrator is kept bright and clean 
the set will have a smooth note, but the 
minute it is allowed to become pitted or 
dirty, the note will be scratchy and will 
lessen the efficiency of the set and also 
the popularity of its owner. If the 
builder follows the directions in this 
article with some amount of care, and 
he has a good aerial, there is no rea- 
son why the performances set forth 
here cannot be duplicated, as the sec- 
ond district is not especially noted for 
excellent radio conditions. 


Low Power Transmitter for Local Use 
By Louis S. Butler 
THIRD PRIZE, $3.00 


HAVE used several types of low 
power transmitting sets, but the 
one here described has been found the 
most efficient. To get the proper wave 
length, together with good results, the 
aerial should be one of four wires be- 
tween 40 and 50 feet long, and should 


When writing to advertisers please mention THE WIRELESS AGE 


be at least 40 feet high. The oscilla- 
tion transformer is the well-known 
Murdock hinge type. Any good spark 
gap is sufficient. The condenser may 
consist of four Leyden jars, or any 
good glass plate condenser designed 
for use with spark coil sets. For 
power, a 1” spark coil made for radio 
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use is sufficient. The spark coil can be 
run on six dry cells with very good re- 
sults, but when run on a 110 v. light 
line, with an electrolite interrupter, the 
range of the set can be increased about 
10 miles. 

I have found this type of low power 
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good ground, and he must have as 
many connections soldered as possible. 
The set here described when properly 
tuned is very efficient for local work, 
and due to its very moderate cost will 
be found within the reach of most 
every amateur. A 25 watt 110 v. lamp 
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transmitter to be very efficient for 
sending strong and clear signals from 
20 to 30 miles in the day time, the re- 
ceiving station using a vacuum tube, 
but no amplifiers. Of course the ex- 
perimenter must bear in mind that to 
get the very best results from his 
set he must have a good aerial and 


Figure 1—Diagram of circuit for the low-power transmitter 


in series with the antenna will be found 
suitable for determining the antenna 
radiation where a hot wire ammeter is 
not available. The great advantage of 
this set is that it can be tuned sharply 
so as to cause small interference, 
which will be greatly appreciated by 
other operators. 
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A Useful Switch Arrangement 


SOMET IME ago I had occasion to 
build a single unit receiving set, 


_ having regenerative features and one- 


step amplifier. The diagram shows 
how a single anti-capacity jack switch 
was used to throw in~ the audio- 
frequency amplifier. 

Starting at the aerial: the primary 
of a loose coupler is shown, also a 
switch for putting the primary con- 


denser either in series with ground lead 
or shunt to the primary inductance. 
The secondary of the coupler has 
the ordinary detector hook-up when 
the tickler coil is short-circuited. 
When the tickler coil is not shorted, 
you have the regenerative feed back 
circuit. Now, when the master jack 
switch (anti-capacity) is thrown to 
the left, you have-a regular detector 
hook-up or a regenerative hook-up, 
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Diagram of single unit receiver having regenerative feature and single step amplifier 
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Head Sets 


Strong, Durable 
Construction, Yet 
Extremely Sensitive 


This Stromberg-Carlson Radio 
Head Set is very simple and effi- 
cient. All operating parts are 
housed in dust-proof, moisture- 
proof aluminum case. The dia- 
- phragm is mounted metal-to-metal 
in a way that the variation in tem- 
peratures cannot disturb the air- 
gap adjustments. Non-conducting 
spool heads and slotted pole tips 
decrease the eddy current losses 
and make the set more efficient. 


Each set wound to a resistance 
of 2,000 ohms with pure copper 
wire, furnished complete with a 6- 
foot moisture-proof cord attached. 


All sets thoroughly tested in ac- 
tual service before shipment. For 
$12.00 we will ship sample set for 
trial in your own station. If not 
satisfied, return equipment and 
money will be refunded. 






































Bulletin 1206 will give full particulars. 
Wrile today. 


_Stromberg-Carlison 


Telephone Mig. Co. 
Rochester, N. Y. 
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Drafting 
Supplies 


We manufacture a 
full line of high 
grade suppliesmade 
under our own su- 
pervision. We know 
they are right. 


Quality Plus 


and at prices that 
appeal. 





A Specialty— 


MONROE 
Drawing Table 


A table of general 
utility made after 
our own i 
Stands rigid and 
lasts a lifetime. 


deas. 


Let us quote on your 


needs 


Ask for catalogue W 


New York Blue 


Print Paper Co. 


102 Reade Street 
New York City 




















THE WIRELESS AGE 


‘depending upon whether the tickler is 


short circuited or not. 
When the master jack switch is 
thrown to the right, the single-stage 


* audio frequency amplifier is connected 


in circuit. ; 
The advantages of a hook-up of this 


- sort are as follows: 


1. All instruments can be mounted 
on a single panel. 

2. Detector hook-up alone can be 
used. 

3. Regenerative hook-up alone can 
be used. 

4. Detector and single-stage ampli- 
fier can be used. 
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5. Regenerative and 
amplifier can be used. 

6. All these combinations are e ffect- 
ed by the throwing of only two switch- 
es, namely, the master jack switch and 
the tickler short circuit switch. 

7. Also a single “A” and “B”’ bat- 
tery are used. 

I have given no dimensions, le ving 
it entirely up to the amateur desiring 
a compact flexible receiving set. 

The popular “honeycomb” coils may 
be used for loose coupler and tickler 
coil. 


single-stage 


VINCENT H. Brown, 


A Small Portable Set 


By William Holladay 


OME time ago I became interested 

in a very small set I saw illus- 
trated, for which a wave-length of 
4,000 meters was claimed. It was 
about six inches long and three or four 
inches high and wide, but at the be- 
ginning it was apparent that there 
were several inherent defects. The 
coupler was wound with 36 enameled 
wire, the high resistance of which, 
coupled with the well-known distrib- 
uted capacity effects of enameled wire, 
cut the efficiency down to minimum. 
The coupling was fixed, and therefore 
would have to be designed very care- 
fully in order to have the coupling at 
the proper point for the larger per- 
centage of stations. Of course all sta- 
tions which are received with very 
loose or very close couplings would 
be heard more faintly than necessary, 
and selectivity would be almost im- 
possible. 


The detector was placed on top oi 
the set, where it would be exposed to 
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FiGure ! 


Front view of cabinet 


dust and hard knocks, and could not, 
therefore, be used for portable pir- 
poses. 

A small set designed and constructed 
by the writer seemed to offer all the 
advantages of a portable set, with none 
of the disadvantages referred to above. 
It is an excellent thing to take along 
on a vacation jaunt, and may be made 
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2437 Gilbert Ave. 





A Bird in the Hand 


—is worth two in the bush. 
readable signal is worth two unreadable signals. 


You may pay more but you can’t buy better. 


The PRECISION EQUIPMENT CO. 


Dept. C 


Yes, Boy, and one 


Why not have readable signals? 
Using an antenna 2 wires 100’ long, 
30 high one end and 25’ other end 
amateur signals readable every 
night are received in Cincinnati 
from Connecticut to Texas. No 
amplifiers used. 


The Ace Regenerative Tuner 
does the trick. ares 150 to 2,750 
meters. Price $55 F. O. B. Cin- 
cinnati. 


Cincinnati, Ohio 
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picking up snatches of knowledge here and there. 
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Which Way? 


Franklin Studied Electricity 
via The Kite String 


but there is a better way open to YOU | 


Study Wireless Right 


If You Expect To Succeed 
Don’t Grope--KNOW—Then Go Ahead Fast 


With the right books at your elbow for constant and ready reference you can progress ten times as fast in wireless, as by 
Accurate knowledge is what you most need. 


These Books Are LABORATORY TESTED —They Contain FACTS 


comprehensively covers the theury und design of amateur wireless 
eis. Construction of transformers, high voltage condensers, spark gaps, aerials, masts, receiving sets for long and short 


Construction and operation of a 60-mile buzzer transmitter, regenerative receivers, cascade amplifiers, preferred circuits 
Direction finders, underground aerials and the use of Weagant’s static eliminator for amateurs are the subjects of special 


The amateur is told how to measure the inductance, capacitance and resistance of his aerial, how to check up the effi- 
ciency of his station. Construction of quench-gap transmitters, methods of measuring the internal impedance and amplifica- 


1HE WIRELESS EXPERIMENTERS’ MANUAL 
Mr ave only book published that 
Bucher’s wave length reception are described in great detail. 
New for long and short wave receivers—all these are covered. 
Book chapters. 
Ready 
T Shi tion of constant of vacuum tubes are explained. 
0 ip in all it is the most complete te: 
Cloth bound. About 300 pages. 


the broad subject of amateur wireless telegrap! blishi 
~ ag * aden ep hycbceepetbepemeg by ie-2 sohtererperss a 
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VACUUM TUBES 














By Elmer E. Bucher 
transmitters and receiv- 
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VACUUM TUBES IN WIRELESS COMMUNICATION By Elmer E. Bucher 

The only text book on the market devoted solely to the various 
applications of the Oscillation Valve. 

An elementary text book for students, operators, experimenters 
and engineers. Navy wireless men find this book especially helpful. 

Tells in understandable language the fundamental operating prin- 
ciple of the vacuum tube. 

Shows over 100 different circuits for the practical use of the 
Vacuum Tube as a Detector, Radto or Audio Frequency Amplifier, 
Regenerative Receiver, Beat Receiver and Generator of Radio Fre- 
quency Currents. E 

More than 100 diagrams reveal, step by step, in simple and direct 
form, the uses of the vacuum tube. 

Cloth. Size 6x9 inches, 
Mimatrathowt,, BUBGO ionic ciccicc ccccccesvcvecscccescocsccstens 
















RADIO TELEPHONY By Alfred N. Goldsmith, Ph. D. 
It is the only book treating the subject of Radio Telephony in all 


aspects. 
This complete text on radio telephony is intended for radio engi- 
neers, operators and c=perementony, also radio electricians in the 
Navy, men in the Signal Corps and especially men in the Aviation 
Service who handle radio equipments. Students and others who 
desire to be clearly informed concerning this newest and most inter- 
esting branch of electric communication need this book. 

It is written in clear style, and presupposes very little knowledge 
of radio. Fully illustrated with wiring diagrams and previously 
unpublished photographs of “‘wireless telephone’ apparatus. 
, — are over 400 separate topics listed in a carefully prepared 
naex. 

Size 6x9 inches. 256 pages, 226 illustrations. Full cloth, $2 50 
stamped in gold. Price ° 
















Here is a book that should be in the hands of every wireless worker. 
It answers the — you want to ask and will add materially to 
the efficiency of your wireless work. 

Under the general heads that follow it treats simply and concisely 
ef all phases of the subjects indicated. These are some of the sub- 
jects: Fundamentals of electromagnetism. Principles of alternating 







RADIO INSTRUMENTS AND MEASUREMENTS 







currents, Radio cirouits, Damping, Wave meters, Condensers, Colla, 
Current measurements, Instruments and methods of radio measure- 
ments, Resistance measurement, Sources of high frequency current, 
Calculation of capacity and inductance, Design of inductance coils, 
High frecuency resistance. Miscellaneous formulas and data. $1 75 
Cloth bound. 332 pages. Fully illustrated. Price ° 





PRACTICAL WIRELESS TELEGRAPHY 
More than 60,000 copies of this book have been sold to date. 

Practically every school, college, and library in thie country. 
PRACTICAL WI 

text book. 

very latest styles of wireless sets now in use. 











By Elmer E. Bucher 
It is used in 


WIRELESS TELEGRAPHY is the recognized standard wireless 
It furnishes much information of utmost value in regard to the 


It is the first wireless text book to treat each topic separately and completely, 
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penishing a paseenanive study from arat os be expert ee ert pe Wireless Press, Inc., 
with elementary data, it progresses, chipter by, chapter, over the entire field o 
wireless—fundamentals, corstruction and practical operation. Room 22, 64 Broad Street, New York. 
io - — 352 pages, 340 illustrations, handsom bound in $2 25 Encl slant Gnd 8 Sik ietiitis neh tie taal 
cloth. OO Ss 5 an 8s 60: S ORE Noa 00h 4s ep aed Sb bebe as Gade be Kas Senn ° Enclosed please find $............ e 
books checked below. 
ELEMENTARY PRINCIPLES OF WIRELESS TELEGRAPHY By R.D.B ~ ae a 
This book has b a ssaslet tee Sine toetaing o¢ Suh hists to tak oP Title Asthor etre 
s book has been used very largely for the ning of Telegrap s to & i E " ——-s 
sole charge of complete Wireless Telegraph Installations. All parts of the trans- — wire — Te enters Manat _ Bucher _ $2.25 
mitting and receiving apparatus are described in a way to give the student a sens eee Bucher $2.25 
sound working knowledge of the apparatus entrusted to his care, $1 75 ___|Radio Telephony wile Marae Goldsmith $2.50 
Cloth, 212 pages, 132 Besinagions, a ivoen sag VesawtBoekessaeees ° Radio Instruments and Measure-|—=~=~—SOC=CSts<—S] SS 
ments } $1.75 
This second volume deals particularly with the component parts of a Trans- = : eV eaews FLL. 
miter. Each part is explained se asately end lly. Poem u ie Fete ____ Bucher | $2.28 
fei wrcspronnp tsi $1.75 Both Books for $3.25 ff |Pangv'8” Prnsviws Port 1 noscay |. 
M etism and Electricity for 
MAGNETISM AND ELECTRICITY = HOME a me ~ H. E. ae ome Study } Penrose $1.75 
Every person interested in electricity can obtain a orough grasp 0: e ——|*fhe Wireless Age (one year) |With Book Order +1 
elementary principles of this science without previous acquaintance with the —_ With Gesk Geder| : 
subject, through the study of this book. ___|*The Wireless Age (two years) |With Boek Order) $3.00 
During the war, Mr. Penrose instructed hundreds of men in the Royal wiying *The Wireless Age (one year) Withont. Rooks | $2.00 
Corps, the Royal Navy, Transport Service and Mercantile Marine in Englan = 
and this experience made possible a book of unusual value. 
224 illustrations, 515 pages. Full cloth. Postpaid. Price........... bd WORD 6 Fcc viietvahess Seeba bogs PTE A NEES SRS CO Sia a 
WIRELESS oRESS Inc Room 22, 84 Broad Gy. Street ....- cece eeeseeevees Cote eee sere esceeereee te epeeeee. 
’ : ee WE 5 spss spneesiees RE canes WAI eins teas cs 
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Just Like © 
Finding Money 


@ An organization for wireless men rendering 
personal, intimate and humanized service 






with every article it sells. 






@ We are distributing a high grade line of 
Commercial and Amateur radio apparatus, 
including such well known makes as Kil- 
bourne & Clark, de Forest, etc.—apparatus 
in accordance with the latest designs and 
theories, quality workmanship and mate- 
rials, that guarantees you of maximum re- 











sults under working conditions. 









@ When in town drop in and see us. We will 
be here to greet you with a glad hand, ready 
that 






“Personalized Service” 





to render a 
makes you a satisfied customer. 










Our new catalogue is “different” and is well 


worth the 10 cents we ask for it. Send for 





your copy today. 





The International Electric Co. 


226-E Fulton Street, New York 
“Watch Us Grow” 
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AMPLIFYING TRANSFORMER 
Type 166A 


This instrument is so designed that it combines 
all of the essentials necessary in the really 
satisfactory amplifying transformer. The ratio 
between the coils is such that it is especially 
adapted to use with tubes having high impedance. 


Price—complete - - - $7.00 
unmounted - - - 4,50 
mounting supports § .75 


Have you received Bulletin No. 901 > 
GENERAL RADIO CO. 


General Radio Building 
Cambridge 39 Massachusetts 
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mostly of materials at hand 
workshop. 

The set consists of a coupler, calena 
detector, and fixed condenser, mounted 
in a cabinet 6x 534 x4. The primary 
tube is 3” long and 3” in diameter, 
wound with about 130 turns D.C. 
With silk covered wire it is possible, 
of course, to wind more turns, but on 
such a set I believe the extra cost over- 


Primary 





Figure 2 


Top elevation showing arrangement of apparatus 


shadows the benefits. The secondary 
is 244” long*’and 2%” in diameter, 
wound with 110 turns 32 D.C.C. Such 
a secondary will respond to wave- 
lengths up to approximately 1200 
meters with a 200 meter aerial. The 
resistance of the wires used is only 
slightly greater than that of the usual 
sizes, and the efficiency on the ‘short 
waves which it will receive is not 
materially lowered. The primary is 
tapped to a single twelve-point switch, 
and the secondary is tapped to a single 
four-point switch as per the diagram. 





‘ie 


FIGURE 3 
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Diagram of connections used 


The cabinet may be made of cigaf 
box wood, or if more strength is de 
sired, of 34” pine or hardwood. The 
front is hinged over the panel, which 
is set back about an inch for protection 
of the detector and primary swit 
which are to the right and left respec 4 
ively. Excellent switch points may be 
made of 6 B. & S. copper 34” long 
which are driven into holes 5/32” dia 
meter, and spaced 14” apart. 
switch arm is made 1” long so that the 
entire switch will occupy but little 
space. 

The detector, placed to the right 
consists simply of a phosphor brom# 
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spring or clip to hold the crystal, and 


a catwhisker of 32 bare copper. Con- 
nections, soldered to the rear, are 
made with small stranded wire. Four 
Clapp-Eastham 4832 binding posts, the 
smallest manufactured, are provided 
for acrial, ground and phones. They 
are mounted on opposite ends of the 
panel. 

A fixed condenser, consisting of two 
pieces of tinfoil 25” x 2”, placed be- 
tween three sheets of paraffin paper 
28” x 214”, and wound on a piece of 
cardboard 2” x 24” is placed imme- 
diately behind the detector, so that the 
leads may- be short and it will not in- 
terfere with the movement of the sec- 
ondary. 

The diagrams show front and top 
elevations of the cabinet, the arrange- 
ment of instruments, and connections. 


Convention in Philadelphia 
MATEURS of the Third District 
are invited to attend a conven- 
tion and banquet to be held under the 
auspices of the Philadelphia Amateur 
Radio Association, in Philadelphia on 
May &th. 

This convention is intended to 
strengthen the bonds between the ama- 
teurs in the Eastern part of the coun- 
try and give them a good time while 
they are meeting the men who handle 
the three sets. It is proposed to ar- 
range a program for the summer and 
fall for all amateurs to meet the men 
they have talked to through the ether. 
There will be good talkers, plenty of 
good eats, smokes, music and a rip 
roaring good time for all who attend. 
Tickets are $2.00, the big show is 
called for 7 P.M. at 12th and Girard 
Avenue, Philadelphia, Saturday, May 
8th. Club secretaries are invited to 
write how many members they will 
send. Address W. F. Wunder, 3220 
Stillman St., Philadelphia. 


Novel Type of Miniature Electrical . 


Measuring Instruments 


(TH an overall diameter of 

2 9/16 inches, slightly larger 
than that of a gentleman’s watch, and 
a weight of only four ounces, a novel 
type of miniature electrical instru- 
ment for the measurement of voltage 
and current is proving efficient, re- 
liable, and profitable on small panels 
where economy of space, together with 
high accuracy and neatness of appear- 
ance is imperative. It is especially 
applicable to the measurement of 
small direct currents, such as the fila- 
ment and plate currents of radio com- 
Munication sets, or those in connec- 
tion with farm lighting and other 
small charging and lighting sets, or in 
use ‘ dental and electro-medical 
work. 
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Motor Generator Sets 


for 
Wireless Telegraphy 


and 
Wireless Telephony 


These instruments are backed by manufacturers 
whose standards of quality have never been 
excelled during a period of 32 years. Designed 
for submarines, land stations, ships, aeroplanes, 
portablé hand operated stations, train signaling 
and many special purposes. For further informa- 
tion please communicate with our nearest branch. 
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AMPERE. New JERSEY 



































The B & H Mounting for Radisco, 
DeForest and other coils 


The single support allows easy change of coils with 
ample length of rod to allow very loose coupling. 
The square rod prevents coils from Turning. Special 
Stands and Centers Made to Order. 


THE MOST EFFICIENT STAND ON THE MARKET 


Pat. A lied For Radisco DeForest al 
No. 1R Complete with 6 Binding posts, flexible leads and 3 Coil centers. $6.00 $6.50 F700 
No. 2R Complete with 3 Coil centers, but without flexible leads or 
Binding posts 4.60 6.00 
No. 8R Extra Coil Centers, (give size) 40 .60 
’ Parcel Post Charges on 2 Ibs. 
FINISHED IN WEATHERED am, oe sb-08 360-00 16-8-88 
Se oe a and ceneibud to Order. Send stamp for further particulars. 
WIRELESS A. T. HOVEY SUPPLIES 
61 BELVIDERE STREET Dept. B BOSTON-17-MASS. 
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DUCK’S 


No. 14 Big 200 Page 
Wireless and 100 
Page Electrical 


CATALOG 


JUST OFF THE PRESS 


Any radio amateur will tell you there is no 
catalog to take the place of Duck’s, and ‘hat 
t is a Beacon Light to guide you in the 
selection of your apparatus. 










Send 12c for the Wireless Catalog and 6c 
for the Electiical Catalog. This amount 
may be deducted on first dollar p.irchase. 







Great cost of catalogs and low 
prices prohibit distribution otherwise 


THE WILLIAM B. DUCK CO. 
239-241 Superior St., Toledo, Ohio 













10 DAY SPECIAL 





WIRELESS ie 2 
Ser Ns 
By E. E. Bucher D WIRELESS AGE 


Total Value $6.25 Special $5.25 
Postage Outside U. 8S. 50c Extra. 
WIRELESS PRESS, 68 Broad Street, New York 








Advanced Radio Students 
read 


The Radio Review 


The new British Publication devoted to 
Radio Science, 


A Monthly Record of Scientific Prog- 
ress in Radio Telegraphy and Telephony. 


Subsc: n price $7.15 per year in 
U. S, and Canada. 


Send all orders to 


WIRELESS PRESS, Inc., 64 Broad St.. 
New York. 
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date. 


the next state. 


busimess down.to a fine art. 


Prize Contest Announcement 


The subject for the new prize contest of our year-round series is: 
“Operating Suggestions for the Radio Amateur.” 
Closing date, June 1, 1920. 


Contestants are requested to submit articles at the earliest practicable 


Prize Winning Articles Will Appear in the August Issue. 


It is very obvious to those who are listening-in a great deal that a 
great percentage of the amateurs who operate transmitting stations either 
have never carefully thought about the interference problem, or have no 
regard whatsoever for their co-workers in the next block, the next city, or 
This may be particularly true of the young man who is 
just. taking up the art, and it is with him in mind that we call for sugges- 
tions covering the use of the code, calling, handling messages, listening-in, 
etc., etc. There are a great many amateur operators who have this traffic 
This will give these men an opportunity to 
very matcrially help their co-workers and indirectly benefit themselves. 





prizes: : 2 
space rates paid for technical articles. 





PRIZE CONTEST CONDITIONS—Manuscripts on the subject announced above are judged 
by the Editors of THe Wireress Ace from the viewpoint o 
resented, its practicability and general utility, originality, and clearness in the description, 
Literary ability is not needed, but neatness in manuscript and drawing is taken into account. 
Finished drawings are not required, sketches will 
closing date is given in the above announcement. I ‘ 7 , 
First Prize, $10.00; Second Prize, $5.00; Third Prize, $3.00, in addition to the regular 


All manuscripts should be addressed to the Contest Editor of THE Wrretess AcE 


the ingeniousness of the idea 


do. The contest is open to ig oy The 
e 


Tue Wirevess Ace will award the following 











To meet the growing demand for 
instruments of smaller size, together 
with increased  sensitiveness and 
greater accuracy, the Westinghouse 
Electric & Manufacturing Company 
has developed this miniature type. It 
combines extreme delicacy of action 
with high sensitivity and ruggedness, 
and the design, construction and ma- 
terials are such that the instruments 
are permanently accurate. 

A salient feature of design wherein 
these instruments differ from the other 
makes consists in the method of sup- 


DAYNOR VACUUM TUBE CONTROL > PANEL 


This is positively the latest type of Control Panel offered for 
It is designed to meet the requirements of the 
exacting operator and experimenter. 

It is extremely flexible in operation and can be used in any 


Amateur use. 


combination of circuits. 


struments. 


(Wt. 6 lbs.) 
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This panel is the forerunner of a new system of unit in- 


The construction of this instrument is of the best materials 
obtainable ; bakelite panel, dark oak cabinet, graduated dials and 
large composition knobs, variable grid condenser, rheostat, and 
tube receptacle mounted back of panel. 


PRICE—less Bulb (with base for any tube desired)—$15. 


When ordering state base desired. 
For full information write 


DAYNOR RADIO ELECTRIC COMPANY 


porting the cylindrical core and moy- 
able element between the pole pieces 
of the magnet. Instead of providing 
for this purpose a casting supported 
at the back of the instrument, inde- 
pendently of the magnet and pole 
pieces and requiring, in order to se- 
cure accuracy, a high degree of ma- 
chining, the Westinghouse | instru- 
ments make use of two simple, easily 
and inexpensively made bronze alloy 
punchings securely fastened to either 
side of the pole pieces. This makes 
the instrument more compact, greatly 
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A Real Electric 


TELEPHONE 


THAT WILL OPERATE 
up to 200 feet on 
2 ordinary dry batteries 


(Phones) $1.90 

2T itt 

2 Recinn, . 91.00 
Send stamp for Catalog 


INLAND-SPECIALTY CO. 


1560 N. Robey Street 
CHICAGO, ILL. 











STRANDED 


“JUPITER” AERIAL WIRE 


1c per foot, $9.00 per thousand 


7 strands No. 22 solid copper. The ideal 
weight 15 lbs. per 1,000 ft. Send postage. 


LEE A. BAT = wine. Bis: 


radiator. Strong. Low resistance. Shipping . 








Here Is a Bargain 


THE 12 big issues 
AMERICAN Regular price 25c per copy 
MAGAZINE $3.00 

THE 2 
WIRELESS 12 big issues 

AGE $2.00 a year 
Total Special 
Value $5.00 ra $3.50 


State whether new or renewal subscriptions to each 
This offer expires April 25 


WIRELESS PRESS, Inc. 
Dept. A ses Breed St. New York 








EXPERIMENTERS’ WORLD 





simplifies the construction, and lessens 
the amount of space required within 
the case, thereby making it practical to 
construct the instrument to miniature 
dimensions and secure at the same 
time accuracy, reliability and sturdi- 
ness of design. 





Details of the volt meter 


Another departure from a method. 


in common use with other makes con- 
sists in the insulation, by oxidation in- 
stead of by paper, of the small alu- 
minum frame which carries the coil 
of the movable element. The oxide 
of aluminum, thus used, is highly ef- 
fective as an insulator and greatly 
facilitates the mounting of the coil. 
The fastening of the pivot support 
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venient 


Writs to Dept. 24 
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Square Linear Law 
~ Variable Condensers 


The Square-Law Variable Condensers provide a most con- 
ft vende in all circuits for adjustment to wave-length. 

The Linear-Law Variable Condensers are used where capacities 

are to be measured and as ener 

tional Condensers are all house nte 

cases, and may be incorporated in a pours receiving outfit of 

any type by adding to other International | 

such as Amplifiers, Detectors, etc., at any time. 

for International Experimental Bulletins 

completely describing these condensers, and our other products. 


INTERNATIONAL RADIO TELEGRAPH COMPANY 


INTERNATIONAL 


storiny units. The Interna- 
in standard interchangeable 


Sectional Radio Units 





NEW YORK CITY 











‘*Ask Anyone Who Has Used It.”” 


WHAT OUR PATRONS SAY 


“IT have never had to find fault 
with them in five years’ use.” 
(Name on request.) 


BRANDES 
Wireless Headset 





“Superior,” 2000 ohms, $7 
TRIAL Buy a Brandes Superior 
Headset and use it criti- 
OFFER cally for ten days. Then, 
if it does not come up to 
our claims or your expectations, re- 
turn it and your money will be cheer- 
fully refunded. Testit—compare with 
others—for sensitiveness, clearness, 
distance. Prove for yourself the fine 
ae. the “matched tone.’ The two 
iaphragms, toned exactly alike, 
strengthen the signals and prevent 
blurring. Used by many U. 8. Gav- 
ernment experts, and experts abroad; 
by colleges and technical schools; and 
ou profeetonals and amateurs every- 

where. 
Send 4c for Catalog ‘‘ W."’ 


C. BRANDES, 32 Union Square, 

INC. Room 818 NewYork 

WIRELESS RECEIVER SPECIALISTS 
~~ 














Do You Read 


THE 


Wireless W orld? 


In it you will find articles 
relating to the PRACTICE 
of Radiotelegraphy as well 
as to the THEORY. 


The QUESTIONS and 
ANSWERS SECTION is 
open to YOU for the 
SOLUTION OF YOUR 
DIFFICULTIES. 


INSTRUCTIONAL 
ARTICLES for Home 
Study WRITTEN BY 
EXPERTS. 


REVIEWS OF BOOKS 
useful to Wireless Stu- 
dents. The interests of 
Operators are well catered 
to. Now published fort- 
nightly. 











“WIRELESS WORLD,” $4.25. per annum for 
America. Single Copies, 25c Post Paid 


WIRELESS PRESS, Inc. 


64 Broad Street New York 











When writing to advertisers please mention THE WIRELESS AGE 








THE WIRELESS AGE 





of the movable element constitutes an 
additional departure from older prac- 
tice. The base of the support, instead 
of being cemented directly to the coil, 
is elongated and clinched around 
either side of the aluminum frame of 
the movable coil. This gives a more 
accurate centering of the pivots. 

By combining the milli-voltmeter 
with a non-inductive heater ‘and 
thermo-couple, it is made suitable for 
the measurement of high frequency 
alternating currents such as are. en- 


M sco RadioBuzzer 
With Shunt Resistance — 
U.S. Navy and U.S. Army 
Standard. 





The Radio Officers of the NC planes, 
after testin all other buzzers, decided 
to use the “‘Mesco” on their radio equip- 
ment. The R-34 was equipped with 
two of them. 

hy? Because of its reliability and 
constancy in operation; greater output 
efficiency; ease of adjustment; unaf- 
fected by extreme variations in weather 
conditions; exposed wires eliminated. 

Sparking is almost entirely eliminated. 
so that the energy lost in light aan 
heat in the operation of other buzzers 
is here conserved and radiated in the 
form of oscillating energy. 

This buzzer maintains a constant 
note and is recommended as an exciter 
for checking wave-meters where pure 
note and ample energy are required. 
List No. 

55. Mesco Radio Buzzer....... $2.05 


Send for Our Manual N 12 


WIRELESS TELEGRAPHY 


You should have it even if only su- 
perficially interested. Around about 
you every day you read of some mar- 
velous occurrence in which wireless 
played a nec ap omar part. It may 
not be entirely clear to you. The Man- 
ual will explain it. To the student of 
Wireless Telegraphy, the Manual con- 
tains much that is indispensable to a 
proper understanding of the art. The 
Manual will contain about 200 pages, 
fully illustrated on high- one Bi 
stock with a two-color cover, will 
be ready for mailing about May 1. 

We ask twenty-five cents (90.25) for 
it—give you a coupon receipt which can 
be applied on any order amounting to 
Five Dollars ($5.00) or more. 

Do not wait until some other time, 
but sit down now and send your name 
and address, and get one of the most 
complete, comprehensive and reliable 
wireless pamphlets published. 


Manhattan Electrical Supply Company, Inc. 


New York, 17 Park Place St. Louis, 1106 Pine St. 
Chicago, 114 So. Wells St. San Francisco, 604 Mission St, 





Assembled small panel d.c. volt meter 


countered in radio communication. 
The same instrument can also be op- 
erated on alternating current circuits 
of commercial frequency, provided 
they are not subject to overloads. 

The instruments can be furnished 
for mounting with the face flush with 
the panel, or for projection. They are 
arranged for rear connection. The 
standard finish is white dial, nickel 
bevel ring and black marine case. 
Black dial instruments are furnished 
if desired. 

They are checked throughout their 
entire range for accuracy. The cali- 
bration at any point of the scale is 
within two per cent of full scale read- 
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“Sea, Land 
and Air” 


Published by the Wireless Press, 
Sydney, N. 8. W. 


Controlled by Amalgamated Wire- 
less (Australasia), Ltd, 
HEEE. you have a new monthly journal; 

published in Australia for radio men 
everywhere. 
Its 72 pages of interesting text, illustra- 
tions and diagrams present the very latest 
developments in wireless work. 
All Australasian matters relating to Radio 
——. Radio Telegraphy, ercantile 
Marin: avy and Aviation are described 
and il aetreted fully—right up to the 
minute. 
Technical subjects are described in sim- 
plest terms. 


Price $3.00 per year 
25 cents per copy 


For sale by 


WIRELESS PRESS, Inc. 


‘64 Broad Street, 
New York 











Amateurs, Attention! 


THE “RVA” SERVICE, owing to its 
need for more room, which was not 
available at our former location, has 
moved to the address given below. In- 
creased facilities now make it possible 
for us to give you better and quicker 
service than ever. The new Binders for 
the “RVA” BULLETIN are ready. 10¢. 
i Binder, Bulletins and Bargain 
ists. 


J. DONALD VANDERCOOK 
Elmhurst, Illinois 











. Wireless Press, Inc., 64 Broad St., - New York 





CONQUEST fevered to: Science, Im 
vention and Industry, You will like it. Send 30c 
for specimen copy. 
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SPECIAL NOTICE TO AMATEURS, radio concerns and 


addition to the display of 
> 2s radio man turers. Prompt s 
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Let our radio expert answer your 
in a wireless set; stamped, 
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consisting of 12. '25 pages of the most interesting display 
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nts will be made on any of the 

piece of apparatus that we handle, a postal card will bring you prices 


questions without charge. Advice given to those who contemplate putting 

_aueetions without charge, Advice elven to 

NATIONAL RADIO SUPPLY CO., “The Nation’s Clearing House,” Dept. 124, 808 9th St., N. W., Washington, D. 0. 
Our displays several thousand dollars in radio arparatus. When in Washington, 
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NEW VIBRATONE 


RADIO TRANSMITTING SET 





















This Set Mustrated Above Operates on 
110 VOLTS, D.C. or A.C. 
It is absolutely apenness shown, Mente 


helix, k gap, condensers, etc 
Suagly cease te to acrial. proce pate vo Hes 
circuit, and send. 


NO BATTERY EXPENSE 
Runs all day for 2 cents 
Sends three to five miles. 

PRICE $18.00 COMPLETE 
With Key, Plug and 8-foot Cord 


























Send for descriptive circular 147E—To-day 
WIRELESS EQUIPMENT CO., Inc.- 
19 Park Place New York, N. Y 
THE With one year’s subscription to 
NEW THE WIRELESS AGE 
NAVY (New or renewal) 
MANUAL For only $3.25 
RADIO Send ern orders to 
TELEGRAPHY Dept. N .™. PRESS 
$1.75 Postpaid Vept. coBreedse. New York 
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ing on direct current and radio fre- 
quency current of the frequencies now 
in use. 

These instruments are the smallest 
of the D’Arsonval type that are being 
regularly manufactured. 


An Oil-Dielectric Condenser 
WHY is it that high-voltage con- 

densers using oil as a dielectric 
have never become popular for ama- 
teur stations? Such condensers are 
self-restoring, even if punctured; the 
dielectric absorption is low, comparing 
favorably with compressed air and 
many times better than bakelite, where 
this loss is very troublesome and 
brush discharge is entirely absent. 
Also the construction is simple and 
rugged, involving only a little machine 
work in making the spacers. In all re- 
spects this condenser is nearly ideal. 
Sheet aluminum was used for the 
plates of the condenser which I con- 
structed. Number 30 sheeting, which 
has about seven square feet to the 
pound, is the most satisfactory. About 
31 pounds are required. This was cut 
into 28 pieces 12” by 10”, which are re- 
quired for a capacity of 008 mfd., and 
a 3/16” hole was drilled in each corner. 
For separating alternate plates, 112 
spacers are required, 34” long, each cut 
from 14” brass tubing, with 3/16” in- 
side diameter. The plates are mounted 
on supporting rods 614” long, 3/16” in 
diameter, and threaded Y,” on each 





AMERICAN ELECTRO 
TECHNICAL APPLIANCE CO. 


235 Fulton St., New York City 























THIS AUDION PANEL 









as illustrated without bulb - - $13.00 
Without cabinet or bulb - - : 10.50 
We are not responsible for the delay of ou 






catalog ; “"T0c. will bring it to you as so »n as it is 
from the Printer. 

e have all the necessary and interesting 
apparatus and paits for the Amateur. 









SPECIAL Receiving Sor - - - $ 6.00 
Arlington Tune - - - 15.00 
SPECIAL Crystal Detector - - 15 
SPECIAL Switch Points - 20c per Doz. 

















































Filament Back Panel Rheostats 


association. 


2 and 4 Stone Street, 
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Radio experimenters buying through this association are purchasing the goods of every advertiser in 
this magazine at considerable saving. We fill orders the day they arrive. After deducting their 
membership discounts they obtain-the following prices : 


22 V “B” Batteries............... 
.001 Mfd Assembled Variable Condensers................... 
DeForest Honey Comb Coils 10 per cent. off list price. 
130-230 Wavemeters ........... 


Einherdnsicha +y 2535 saute $1.10 


High Frequency Buzzers ..........-....6..cccccesesccssceeeeees 


eee eee eee ee ee ee) 


eee eee eee eee eee eee ee 


We guarantee you some saving on anything advertised in this magazine if purchased through this 


Send for detailed information 


MUTUAL PURCHASERS ASSOCIATION 


Dept. A. G, A. 





New York City 
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TYPE 800 
Balanced Coondenser 


Mounted or unmounted. Made in three capacities. Carried by 
most good dealers, price $7.50 and up. Bulletins F and Z, sent for 
4c stamps, show our complete line of high grade moderately 


priced apparatus for the modern Radio Laboratory. 


CLAPP EASTHAM CO. 
161 Main Street Cambridge, Mass. 



























Here they are 


Meraco Perfect “B” Batteries 
Standard BA-2 TYPE The same type of a battery as used by the U. S. ARMY 
AND NAVY SIGNAL CORPS. Fully guaranteed on a money back basis. Once you 
use these batteries you will use no other. Meraco Perfect ‘‘B’’ Batteries are 
made in three sizes and should be ordered by catalog number. 


Cat. No. Cells Volts Sizes Shelf Life Price 
BA-2XPR-1K 15 22.5 31ox2x2' 4 months $1.20 Postpaid 
BA-2XPR 2 15 22.5 6x34 8 months $2.20 ‘‘ 
BA-2-XPR 30 45 14x6x8 1 year $4.50 ‘ 


Watch this magazine for future advertisements containing our big offers. 


MERCURY RADIO APPLIANCE CO. 


DEPT. D-1 672 Broadway Brooklyn, N. Y. 


























HOOK ’ER TO YER BULB 


Any single wire aerial 25 x 40 feet will do anywhere 
A C/W 20,000 meter tuner for only $8.00 


Wound with the celebrated INVOLUTE coils. The only tuner in the 
world for amateur use, licensed under Marconi Patent No. 763772, 
that gets all the European stations with one bulb and one wire 
aerial anywhere, using no tickler coil. No movable coils, no loose 
connections, no trouble. Condensers help in the tuning but are not 
needed to get the arc stations. Only one tuner of each kind sold at 
this price in each city. Act quick and if you are the second or third 
we will give the names of those ahead of you. : 


WE SELL THE COILS SEPARATELY FOR PANELS 
Coils for any of our tuners boxed in small container, waxed, tapt, marked and with wiring 
diagram, for only $6.00. 


TRESCO-— DAVENPORT, IOWA, or Your Local Dealer 





Send five cents in stamps for our new catalog, having names and wave lengths of all world . 


stations, wireless alphabet, and International abbreviations. Just off the press, 
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end. Eight of these rods are required, 
The whole condenser was then as:em- 
bled on a hardwood base 12” square, as 
shown in the accothpanying drawing, 
the plates being alternated, and jour 
3/16” spacers being placed under the 
first plate. 

From the foregoing it will be seen 
that alternate plates are spaced 3 16”, 
The best grade transil oil on the mar- 
ket such as “Mineral Seal” or “High- 
flash,” should be used for the dielectric, 
this grade withstanding 36,000 volts on 
a 1-10” gap, so that the spacing of 
3/16” gives a margin of safety suff- 
cient for all ordinary purposes. The 
oil should be tested by dropping some 
















Assembly of condenser 





plates and base 


pieces of calcium carbide into a sample 
taken from the bottom of the container, 
and if bubbles are given off, it indicates 
that water is present, which must be 
removed. 

This is accomplished by filtering the 
oil through calcitim chloride several 
times, and then through several thick- 
nesses of cheese cloth. The oil should 
then be tested again with carbide. 
The dielectric constant of this grade 
of oil is about 2.5, which compares 
favorably with glass and does not re- 
quire an excessive area of the plates. 

The entire condenser should be 
placed in an oil-tight container with a 
cover to keep out the dust. A gal- 
vanized tank into which the condenser 
is placed edgewise will be found very 
satisfactory, using a top piece of bake- 
lite for a cover and as a terminal 
mounting. Such a condenser as this 
will repay any amateur in the satisfac- 
tion of knowing that it is both efficient 
and permanent, and the cost is but a 
fraction of some of the commercial 
condensers on the market. 


Learn for Yourself 


It HAS often occurred to us that 

there are a great many amateurs 
who, rather than provide themselves 
with the means of finding out things 
for themselves, will either blissfully 
go along in ignorance without daily 
improvement in their knowledge of 
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radio, or who when they desire to 
know something or other concerning 
the action of a circuit or concerning 
constructional details, will depend up- 
on the knowledge of their friends or 
the help which the editors of the radio 
publications are able to give them. 

Has it ever occurred to the man 
who experiments with radio that his 
first requisite should be a thorough 
knowledge of the textbooks on the 
subject? For the beginner, perhaps 
the best book available is Bucher’s 
“Practical Wireless Telegraphy.” For 
the man who is a little more advanced, 
serious study of Bulletin No. 74 of the 
Bureau of Standards, “Radio Instru- 
ments and Measurements” is recom- 
mended. 


Queries Answered 


Answers will be given in this department to 
questions of subscribers, covering the full range 
of wireless subjects, but only those which relate 
to the technical phases of the art and which are 
of general interest to readers will be published 
here. The subscriber’s name and address must 
given in all letters and only one side of the paper 
written on; where “~~ oy are necessary they 
must be on a separate sheet and drawn with India 
ink. Not more than five questions of one reader 
can be answered in the same issue. To receive 
attention these rules must be rigidly observed. 

Positively no Questions Answered by Mail. 


G. N. G., New Jersey: 

The natural wave length of an antenna 
can be approximated by the use of formula 
for the capacity arid distributed inductance 
of the wire. Results obtained thus are al- 
most invariably lacking in accuracy. The 
fundamental should be ascertained by meas- 
urement, if at all possible, and we refer you 
to textbooks on the subject. A rule for the 
predetermination of the fundamental of an 
antenna within limits which compare favor- 
ably with those of any formula available, 
calls for the multiplication of the length of 
the antenna in feet by 1.52 where the an- 
tenna is the L of the type used by a great 
many amateurs, and by 1.6 where the an- 
tenna is a T, or fan, type. Thus your an- 
tenna, height 35 feet, length 36 feet, total 
length 71 feet, will have a fundamental of 
about 108 meters, when used as an L. As 
a T, whose height is 35 feet and length 18 
feet, total length 53 feet, the fundamental 
would fall around 85 meters. 


x * Ok 
W. F., Alabama: 

Any type of three-element vacuum tube 
may be used in a resistance coupled ampli- 
fier circuit. If you desire to use only two 
tubes, your over-all amplification will be 
greater, providing a transformer is used be- 
tween the two. Resistance coupled amplifiers 
are used to greatest advantage where sev- 
eral stages are essential, due to its greater 
stability and freedom from self-oscillation. 

x * * 
D. R., Wisconsin: 

We are sorry to report that we know 
nothing concerning the detector you men- 
tion. The filament of a Marconi V. T. 
should draw between 0.7 and 0.8 of an am- 
pere, at which current the filament is incan- 
descent. Noises in the telephones when the 
tube is in operation may be occasioned by 
Sassing of the storage cell, a faulty cell in 
the plate battery, a loose connection in the 
Circuit, a loose connection in the tube itself, 
or may be due to the presence of gas within 
the tube, under which circumstances a hiss- 
ing sound will be given off when either the 
filament is too bright or when the plate 
Potential is a little too high. 
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Another 


Achievement 
The Grebe Special Type CR-3 Relay Receiver 


Unparalleled performance on Relay wavelengths. 

Constructed according to the highest engineering and manufacturing 
standards. 

This Instrument was fully described in Q S T for March, 1920 and may 
be found on display by the following concerns: 
Deubleday-Hill Electric Co., Pittsburgh, Pa. Pacent Electric Co., Inc., New York City 


Holt Electric Utilities Co., Jacksonville, Fla. Geo. W. Parezo & Co., Washington, D. C. 
Manhattan Electrical Supply Ce., New York, Chicago, St Louis F. D. Pitts Co., Inc., Boston, Mass. 


A. H. GREBE & CO., Inc., 78 Van Wyck Bivd., Richmond Hill, N. Y. 

















Mignon ““RW4’”’ 


Undamped Wave 
Receptors 


Loose Couplers 
Loading Coils 
Variometers 
Amplifiers 


Strongest, Most Distinct Signals 


“R.W.4” Size 12’'x9’’x6%” 


IMPORTANT NOTICE 


The Mignon System Apparatus, “RW1,” “RW2,” “RW3” and “RBDS” 
are no longer manufactured and are superseded by the improved “RW4,” 
“UW” and “BD1.” These apparatus are manufactured exclusively by the 
MIGNON MFG. CORP., sole owners of the Mignon System Patents. (See 
U. S. Letters Patent No. 1329672.) 

INFRINGERS WILL BE PROSECUTED. 


Mignon Manufacturing Corporation *,” *.” 


Damped and Undamped Wave 
Apparatus for All Purposes 


Endorsed by Radio Department 
of D. L. and W. R. R. Co. 


Write for Literature 


MIGNON MFG. CORP. 


Dept. W. NEWARK, NEW JERSEY 
Canadian Representative: Canadian Radio Mfg. Co., Bienville, Quebec 
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Indicating Dials 
Make your radio apparatus up 


to date. Indicating dials now 
available at a reasonable price. 


Made of fine black polished composition 
with radial lines and figures accurately 
engraved and filled with brilliant white. 
Diameter of dial is 3 inches and they are 
3/16 inch thick. Have bevelled edge. We 
can furnish dial alone or with fine Bake- 
lite Knob mounted. This knob has a set 
screw to clamp shaft of instrument to 
which dial is to be applied. 

If your dealer cannot supply you send us 
his name with your order. Immediate 
deliveries. 

OUR NEW CATALOG now ready for distribution, contains 24 pages 
of real, live, up to the minute illustrations, news and descriptions of all 
standard Radio parts, including the above ludicating Dial. 


Sent anywhere upon receipt of 10c. 













3 inch Dial only ...................-......... 75 cents 
3 inch Dial with Knob mounted .......$1.30 
Postpaid 









For sale at all Radisco Agencies and by 


A. H. Corwin & Co. 


4 West Park Street Newark, N. J. 







































ARMY AND NAVY 


Standard Wireless Head Receivers released for amateur use 


Price $13.00 


These head receivers are the exact type used by 

the Army and Navy wireless operators during the war. 
The Signal Corps U. S. A. knew them as #P-1 1. 
The U. S. Navy knew them as C-W 834. 


JAMES O. OLIVER & COMPANY 
New York City 
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Single Phase Motors 


110-220 volts, A. C., 60 cycle, 
1900 R. P. M. with pulley 


1g Rtas $24.50 
Vp Staiteearet: $38-50 
tf Ri'mirmr $46.50 
1 Etat $67.50 
2nLBTE, $108.50 
SLMBTE, $124,50 
SRW, $164.50 








Suitable for all lighting 
aed Power Requirements. 
Avett, 0 ome. $16.50 
15 volts, 10 ome. $21.00 
4 wt, tom. $24.50 
1, % om. $24.50 
@ wm, 1t me. $38.50 
110 volt, § ame. $38.50 
2 voit, 5 ome. $58.50 
110 vets, tome. $58.50 
“tn deere $85.00 





2 and 3 phase, A.C., @20v, 
60 c, 1750 RPM., complete 
with base and pulley. 


war - $42.50 
ime. - $5910 
mr - $72.50 
sue - $84.50 
sur. -$1092.50 


BEE TYE 0 
WRITE FOR CATALOG. BARGAINS IN MOTORS AND GENERATORS 





Your Opportunity 27.72 
Charging Generators 


10 wt, A. 8. 19 wat le $4.0).00 


1 Ae ome, 8 ee CE 8.50 


fname sm . $75.00 
muito" $85.00 
We AB, SS wate, 8 wets, $85.00 
mentite, $110-00 
Ot a ine $1.25-00 


all orders. Bolance C. 0. D. by Expres, 
treeght. 


Lading attached by 
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A .001 mfd. condenser placed in shunt to 
the telephones will give you the same |. uder 
signals which you received from Arlington 
when you placed your fingers across the 
terminals. There is a tendency for radio 
frequency currents to build up in the plate 
circuit of the vacuum tube. The telep!iones 
will not pass them to any great exter If 
a path is provided they will be repeated 
back into the grid circuit to a limited de- 
gree, solely by virtue of the filament circuit 
connections which are common to both plate 
and grid circuit. This results in increased 


amplifying action, or regeneration, on the 
part of the tube, and can be taken full ad- 
vantage of only when the coupling between 
the two circuits is sufficient to start self- 
oscillations in the vacuum tube circuits. 1; 


you are not using a regenerative circuit by 
intent, you should be, and we refer you to 
textbooks on the subject. If you are using 
a regenerative circuit bear in mind that a 
bridging condenser for the telephones is 
essential for anything like proper - action, 
If you are receiving Arlington—and it 
should be possible for you to do so con- 
sistently—you should also be able to receive 
Great Lakes. Perhaps you have not prop- 
erly tuned your receiver. His wave length 
is 1,512 meters. 
a 

A. L. H., New Hampshire: 

A hook-up suitable for the outfit described 
in the Novémber, 1919, issue by Mr. Pig- 
none is given herewith. 











J. A., Porto Rico: - 

f you are having trouble in adjusting 
your detector from your test buzzer, we 
suggest that you try—instead of your pres- 
ent arrangement—the arrangement where a 
wire is connected to the vibrator of the 
buzzer, carried to one of the leads from the 
secondary inductance coil and wrapped 
around this lead 6 or 8 times, on top of the 
insulation. 

If you are using a variable condenser on 
the secondary of your receiving transform- 
er, the secondary will- tune up to about 
15,000 meters. The primary, taken in con- 
junction with your antenna alone, will only 
tune up to about 6,500 meters. You may 
increase the wave length of your primary 
by shunting a variable condenser across the 
inductance. 

The fundamental wave length of your an- 
tenna is about 230 meters. The fact that 
you connect two receivers on the same an- 
tenna and hear signals from a certain sta- 
tion through both of them is not unusual. 
The signal in either will be greater, how- 
ever, when the other is disconnected. 

As far as.we know, it is not the practice 
under any circumstances to short circuit the 
secondary tuning condenser. This is often 
done in the case of the antenna tuning con- 
denser where the condenser is connected 
in series to the antenna, and we presume 
that it is to this arrangement you refer. 

* * * 
H. G. G., Pennsylvania: 

We presume that by “collapsible aerial” 
you refer to the loop antennae which were 
used to such a great extent during the re- 
cent war for direction finder purposes and 
also in the trenches. If so, you will find m 
recent numbers of this magazine. instruc- 
tions and data which will enable you to con- 
struct what you wish. 
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Or perhaps you were referring to an an- 
tenna which is collapsible in the true sense. 
Such an arrangement has never been used 
to our knowledge for practical purposes. A 
two and four wire. aerial fills the require- 
ments in every way and is considerably 
cheaper and more nearly fool-proof. We 
suggest that you use the latter. 

* * * 
R. R. W., Pennsylvania: 

Any dealer in general hardware and sup- 

plies should be able to furnish you with 
“1%” O. D. fibre tubing. If you are unable 
to make connections with anyone in your 
vicinity, we suggest that you write Patter- 
son Bros., Park Row, New York City. 


* * * 


F. V. B., Alabama: 

Any effort to control small movable ob- 
jects on a table by a radio station concealed 
in the vicinity becomes a rather complicated 
matter. This can be done in a very simple 
manner magnetically, provided there is a 
movable magnet underneath the table of 
sufficient strength to control the small steel 
objects above. To do this by radio would 
necessitate the use of a radio controlled 
power unit mounted in the small object 
which it was desired to move, and, taken 
as a whole, we consider the idea imprac- 
ticable. 

* * * 
W. D. M., Michigan: 

After reading your query referring to the 
diagrams in “Practical Wireless Telegra- 
phy”: which you mention, we are unable to 
understand just what you are driving at, 
unless it is a combination of the circuit 
shown by Mr. Bremer in the May, 1919, 
jssue, and some of the magnetically coupled 
regenerative circuits shown in figures 179 
and 181 of “Practical Wireless Telegraphy,” 
There would be no advantage in such an 
arrangement, since the accomplishments of 
the one are the same as the other. 

* * * 
A. S. B., Connecticut: 

We are not aware of any “Impact Sys- 
tem” which operates without transformers. 
We presume that you have in some way 
received the wrong impression as to the 
operation of an impact transmitter. For 
particulars as to operation of this type, we 
refer you to any up-to-date textbook on 
radio telegraphy. 

ay Ge 


R. S. T., California: 

If you have followed the instructions cov- 
ering the long wave receiver in the Septem- 
ber issue of THe Wrretess Ace, and provid- 
ing all your connections are as shown in the 
diagram, there is no reason why you should 
fail to get operation. Are you certain that 
the positive terminal of your plate battery 
is connected to the plate? With reference 
to the latter part of the last paragraph on 
page 36 of this article, the author states: 
“Any failure of oscillations to start may be 
due to an incorrect value of bridging con- 
denser, antenna coupling, tickler coupling, 
filament current, and plate potential, assum- 
ing, of course, that the receiver is properly 
wired.” In addition to this, as just men- 
tioned, it is necessary to have the positive 
terminal of the plate battery connected to 
the plate of the tube. The fact that you 
used No. 31 wire instead of No. 22 will not 
affect the operation of the outfit; only the 
wave length range, which will have been 
slightly increased. 

It is impracticable to make up a set of 
this type for operation over shorter wave 
lengths, with the expectation of getting best 
results. In case you wish to do so, how- 
éver, you should provide yourself with a 
secondary coil having about 130 turns, and 
Wound on a form 3” in diameter, 10 turns 
per layer. The primary coil may be a 
duplicate of this, taps being taken out to 
accommodate the switch. 


EXPERIMENTERS’ WORLD 








PACENT ELECTRIC COMPANY 
150 Nassau St. Oras cast New York 


We are builders and specialists in electrical, radio and 
laboratory equipment suitable for amateur, experimental, 
research and communicating purposes and are therefore 
in a position to serve electrical jobbers, operators, ama- 
teurs and other interested persons to the best advantage. 


You are invited to visit our show rooms which are 
always complete with the latest equipment; all designed 
by the best known engineers in the field and includes 
Genuine Dubilier Mica Condensers, Standard VT hat- 
teries, Grebe correctly designed receiving equipment, im- 
ported Seibt variable air condensers, Rawson ultra-sen- 
sitive instruments, vacuum tubes, standard radio labora- 
tory apparatus, etc. 


A. H. GREBE & CO. 
DUBILIER CONDENSER 


RICHTER & BYRNE. 
IMPORTED SEIBT CON- 


co. DENSERS. 


RAWSON ELECTRICAL IN- 
STRUMENT CO. 


VACUUM TUBE APPAR- 
ATUS. 
AND OTHERS. 


PACENT ELECTRIC COMPANY, Inc. 
Telephone Beekman 5810 


150 Nassau Street New York 











JOIN NOW 


H. L. WELKER, Secy., 
National Amateur Wireless Assn., 
68 Broad St., New York. 

As I desire to receive full recognition as an amateur wireless worker of 
the United States, I ask the privilege of enrollment as a Member in the Na- 
tional Amateur Wireless Association and request that you send me the com- 
plete Member’s Equipment, for which I enclose herewith remittance of $1.50 
Initiation Fee, covering Initial Equipment, and $2.00 for First Annual Dues, 
or $3.50 in all. 
I understand that I will receive membership certificate 
pin, pennant and a copy each of “How to Conduct a Radio 
Club” and “How to Pass U. S. Govt. Wireless License 
Examinations,” and that the yearly dues entitle me to a 
year’s subscription to THE WIRELESS AGE. 

am not 
I am now a subscriber to the AGE. 


If you are under 21 years of age, give names of 2 adults for reference as 
to character: 
Reference 
Reference 


If you are a member of any Local, State or Interstate wireless club or 
association give its. name and name of Secretary with address 
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INSTITUTE 


25 Elm Street, New York City 


Telephone, Barclay 7610 





More than 200 young men are enrolled in our classes this salary by studying from three to four months at 
preparing for employment in the Merchant Marine. the Institute. 


The demand for EXPERT WIRELESS OPERATORS Prospective applicants are urged to investigate our 
is enormous. The position is most remunerative and course before enrolling elsewhere. Remember that by 
the work is unusually pleasant. far the greatest number of assignments to the ship serv- 


The junior ship operator receives $100 —~ ey bs sha stoma ot the Marconi C 
. . : - ni Company 
month, the senior $125 per month, to which is is in neéd of expert Continental Morse operators. 
added $3.00 per day subsistence pay when the ship Write us for facts regarding the present radio situ- 
is in port. , ation. 

You may enjoy the life of a globe-trotter and receive We have more than 6,000 graduates to our credit. 


AMERICA’S FOREMOST SCHOOL 


FOR INSTRUCTION IN 


WIRELESS TELEGRA PHY 


Afternoon and Evening Classes throughout the year. 








Branch School: New Call Building, New Montgomery St., San Francisco, Cal. 


Address all inquiries to Director of Instruction 

























JOHN FIRTH & COMPANY, Inc. 


51... P.O. se eee New. FY ORK 








SOLE DISTRIBUTORS OF THE BALDWIN MICA DIAPHRAGM 
TELEPHONES, BALANCED ARMATURE TYPE. THE MOST SEN- 
SITIVE TELEPHONE ON THE MARKET. STANDARDIZED BY ALL 
THE NAVIES OF THE WORLD. SCIENTIFIC INVESTIGATORS 
PRONOUNCE THE BALDWIN “TYPE E” THE ONLY PHONE SUIT- 
ABLE FOR USE WITH THE MARCONI VACUUM TUBE. 






Type C—Navy Standard 
Type D—Smaller Type 


Type E—Newest Type 
Type F—Smaller Type 







Write for Catalogue 








MANUFACTURERS OF U. S. NAVY STANDARD LEYDEN JARS, 
SILVER-AND COPPER DEPOSIT, KOLSTER PORTABLE DECRE- 
METERS, WAVE METERS, AND ALL HIGH CLASS MEASURING 
INSTRUMENTS. : ‘ 
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The Jones Patented Crystal Detector 





presents six different surfaces of the Crystal to the action of Send for new Illus- 
the needle. without changing its position. It keeps you on the | a eemeiing | 
LIVE SPOT at all times and thereby gives you the loudest and these and other 
clearest signals. y aed Radio 
Four Dollars net, Postpaid. 


OUR LATEST CABINET VACUUM TUBE RECEIVING SET 


Employi the New 
MARCONI VACUUM TUBE 
Reception range from 200 to 

8000 metres, 

Can be used for either DAMPED 
or UNDAMPED waves, without the 
addition of any other coils or ap- 
paratus. 








‘D”’ $60.00 
* 85.00 
Interior view from the Rear, 
showing Loose Coupler, its action, 
and Wiring Diagram of the Va- 
cuum Tube Circuit. Also showing 
how the entire Apparatus is built 
within the metal frame, to permit 
its removal from the cabinet for 
examination or additions. 
We reproduce the set in its entirety that you may see and understand its construction, instead of enclosing it in a Cabinet and 
allowing you to guess. It is now used in Schools of Radio instruction where Technical and satisfactory results are necessary. 


THE JONES RADIO COMPANY, 384 Monroe Street, Brooklyn, N. Y. 














ARLINGTON, TesTED CRYSTALS] [TF AIRN WIRELESS TELEGRAPHY 


poy wpa ty te 35 ’ Fascinating and Educational Work—Big Salaries Prepare Now 


crystal 
eet i te EXQUISITELY Cc The United States Shipping Board is making heavy demands upon us for Dodge-tralned wireless oper- 
individuals yh Sclington e ators. Travel all over the world, secure, free, unsurpas: -d living accommodations and earn a bigsalary, 

Y oo We Also Teach Morse (Wire) Telegriphy and Railway Accounting Boia 
School established 45 years. Endorsed by wireless, railwav and telegraph officials. w 
by - fr NEWMAN. — wt ase Oo. rates. Students can earn living expenses while attending school Cataiog Free. Write Today, 


Dodge’s Telegraph and Wireless Institute 1045 2, Valparaiso, Indiana 


























NEW SHORT WAVE COUPLER No. 747 


Comes up to the CHAMBERS’ usual High Standard. Especially adapted to long distance 
Amateur work. Tunes to 800 meters. Does away with the dead-end effect so common when 
large couplers are used for short wave reception. 








Mahogany finished woodwork. Brass metal parts. 
Has new slider feature. Secondary has six taps. 
Wound with Red Enameled Wire, or, secondary 
with Green Silk if so ordered. Measurements 
over all, length 12 inches, width 4% inches, 
height 5 inches. 


PRICE - - $10.00 


F. B. CHAMBERS & CO., 
2046 ARCH STREET - - PHILA., PA. 


- RADIO APPARATUS 


Distributors of all prominent makes. Largest and best stock of any house in New England 


DE FOREST HONEY-COMB COIL INDUCTANCES 


Solid wire. 1 Ap tay length Lits wire 
Cat. renge with 001 MF Price on _ Price on Cat. range with .001 Sir. Price on Cat.N Price on 
No. Variable condenser plug mountea C®t-NO. piug mounted No. _ Variable condenser plug mounted at.No. plug mounted 
170-375 $ 40 L-300 1340-4800 $2.10 L300 

















i 33 200-515 ; Liss 1.45 L-400 1860-6300 LL400 
fo 1.45 " 3 
L-50 240-730 = LLSO 1.64 L-500 2340-8500 240 — LL500 
L-75 330-1030 1.60 LL75 1.70 L-600 2940-12000 & 
L-100 450-1460 1.70 LL100 1.76 L-750 3100-15000 
L-150 660-2200 1.80 LL150 - 2.16 L-1000 5700-19000 
L-200 860-2850 1.90 LL200 2.28 L-1250 5900-21000 
L-250 1120-4000 2.00 LL250 2.50 L-1500 7200-25000 LL1500 
Cat. No. LC-100—Inductance coil mounting with gears but without base to hold three coils. Primary, secondary and 
tickler 
Cat. No. LC-101—Same as above, but mounted on oak base 
Cat. No. ULC-100—Same as No. LC-100, but mounted on Unit panel 
All coils and mountings postpaid to any part. of the U. S. : : 
All orders shipped the same day. Give us a trial!!! Send 6 cents in stamps for new catalog just out! !! 


F. D. PITTS CO., Inc. (Dept. 8) 12 Park Square, Boston, Mass. 
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The “Extde’’ Battery 


For Wireless Service and Emergency Lighting 


Ever since Jack Binns sent his famous S. O. S. from the sinking steamship “Republic” 
in 1909, E. S. B. Co. batteries have occupied a prominent place in wireless service. 


The “Exide” that is built especially for Wireless Service and Emergency Lighting 
has definitely proved its ability to “live up to its job.” 


Write for Illustrated Bulletin No. 175. 


THE ELECTRIC STORAGE BATTERY CO. 


The largest manufacturer of storage batteries in the world 


1888 PHILADELPHIA, PA. 1920 
New York Boston Chicago Washington Denver San Francisco St. Louis 
Minneapolis Cleveland Atlanta Kansas City Pittsburgh Detroit Rochester 


Special Canadian Representative—Chas. E. Goad Engineering Co., Limited, Toronto and Montreal 
Batteries are made by this Company for every storage battery purpose _ 




















Bunnell Instruments Always Satisfy 


Our Jove Detectors Simplest and Best 
Sample mailed for $2.00 Tested and Guaranteed Galena 25 cents 
Our Keys, Spark Gaps, Condensers, Transformers, etc., are high grade but inexpensive 


Distributors of Standard Electric Novelty Company Type B “Cyclone” Audion 
Batteries. Also De Forest, and all other makes of High Class Wireless Apparatus. 


Send stamp for our No. 42-W Catalog. 


J. H. BUNNELL & CO. - - - 32 Park Place, New York City, N. Y. 























Recognized as the largest and best. 
WESTERN ELECTRIC RECEIVERS 


These are the same type of receivers furnished to the United States 
Signal Corps and Navy Department and were known in Army circles 
as the “P-11.” The Navy knew them as the “CW-834.” They are 
without exception the best receivers on the American market today. 
Price $13.00 per pair. 

In addition to these receivers we carry one of the most complete lines 
of high grade radio apparatus in America. 





“We make or sell Everything Radio” Send ar enete Gar 


4614 Henry St. THE RADIO ELECTRIC COMPANY Pittsburgh, Pa. 


descriptive catalogue to Dept. D 
900-902 Penna.. Ave., N. W. Washington, D. C. 
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8¢¢ Boylston, St. 
Bostor. — Mass. 
ANNOUNCEMENT! 


A ts have been completed whereby EVERY MAN who graduates from the EASTERN RADIO INSTITUTE is 
POSITIVELY GUARANTEED a good position. When you realize that it only takes six months in the Day School or nine 
months in the Evening School to accomolish the work and that the salaries for beginners are from $100 to $125 per month, 
food and ao included, and that the entire mse of the course can be returned to you in one month’s salary, doesnt 


j 


this a to you? Remember we are the OLD , LARGEST, and BEST EQUIPPED telegraph school and have THOU- 
SAN ; of & ed graduates to our credit. This speaks for itself. Day and Evening classes. Start any Monday. Our pros- 
pectus for the asking. 
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BAKELITE - DILECTO 


Manufacturers! 


Wireless apparatus for commercial, experimental and amateur use 
has recently moved a considerable number of notches ahead. 











Yesterday’s Construction Don’t Go Today 


Handsome appearance must be combined with efficient working. 
The true enthusiast looks for both in the apparatus he buys 
nowadays. 











This is particularly true of the insulation used. And the engineers 
and amateurs of widest experience have learned that when‘genuine 





ae %. a ie if ¥ 
fre 


B 


is used, SATISFACTION is SURE 






Combine the popularity of this wonderful insulation with the best 
work you can do. Tell your customers that you use the genuine 
BAKELITE-DILECTO—and watch your sales grow. 











BAKELITE-DILECTO WILL CUT YOUR MANUFACTURING COSTS— 


because it comes in sheets, rods and tubes. This means the mini- 
mum of fitting work. It is waterproof, permanent and strong. 








We also manufacture Vulcanized Fibre and Conite for special insu- 
lating purposes 





Write us about your requirements. Our engineers will gladly show you how our products 
will solve your insulating problems. 








Bre: F "4 




















NEWARK, DELAWARE 
233 Broadway, New York City 332 S. Michigan Ave., Chicago, IIl. 
525 Market St., San Francisco, Cal. 411 S. Main St., Los Angeles, Cal. 





Cor. King and Yonge Sts., Toronto, Ontario, Canada. 301 Fifth Ave., Pittsburgh, Pa. 











At Last! 


Immediate Deliveries on All 


AMRAD QUENCHED GAPS 


TYPE G-1—This gap is built to control the energy necessary to do 
real long distance work, 1,000 miles and over. It has 32 sparking 
chambers. Designed for use with transformers delivering 20,000 
volts up. Maximum power 1,000 watts. Price, $26.50, 


TYPE G-2 — Our first 
gap. Out only four 
months, it is now in 
operation in every U. 
8. A. radio district and 
in Canada. No in- 
ducements offered to 
introduce this gap; 
every user a voluntary 
purchaser. Enthusias- 
tic reports on file in 
our office. Intended 
for moderately long 
distance work, 500-900 
miles. It has 16 spark- 
ing chambers and is 
designed for use with 


formers  deliver- 
ia over 10,000 volts. Maximum power 500 watts. Price, $17.50 


TYPE G-3—Especially designed for use 
with the Amrad 100 watt induction coil, 
but is suitable also for use with ordinary 
spark coils or small transformers deliver- 
ing over 7,500 volts. This gap will in- 
crease the range of any induction coil set 
and at the same time will permit the 
operator to comply with the Federal law 
regulating decrement. It offers the only 
practical solution to the QRM problem in 
congested districts. Seven sparking cham- 
bers. Maximum capacity 250 watts. 
Price, $12.50 


Adjustable Resistances : 


Why You Should Use 


The Amrad Quenched Gap 


. Correctly operated, it will radiate more effective energy 


on a given power input than any other type gap. This 
absolutely assures consistent long distance work. 


. On the above adjustment your decrement will drop 


below the maximum .2 set by law. You will therefore 
not illegally interfere with other stations. 


. The Amrad’Quenched Gap is silent. No longer need your 


radio station be a nuisance to your family or neighbors. 


. It puts you and your station on a high-class “commer- 


cial” plane. The quenched gap is the most modern gap 
and its successful operation reflects no mean degree of 
skill and care on your part. 


. It is reliable. When using the Amrad Quenched Gap 


there is no danger of your station suddenly being put out 
of commission by a kick-back burning out motor wind- 
ings. 

It is economical. It reduces electric current bills. No 
moving parts to wear out, break or get out of balance. 
With careful use the quenched gap gaskets need be 
renewed only occasionally and then at a trifling cost. 


. It is efficient on 60-cycle supply circuits. Two spark fre- 


quencies may be obtained, either 120 or 240 sparks per 
second. When adjustments are correctly set, both notes 
are clear, snappy and wonderfully uniform. The gap 


is equally efficient when used with induction coils. \ 


. It increases speed of handling traffic. No waiting for 


motors to come up to speed or slow down. Quick back- 
and-forth communication over the longest distances. 


The Amrad Quenched is the standardized quality Gap. 
All plates in the various types are identical and inter- 
changeable. Each gap plate is tested to meet a high * 
standard of accuracy. The entire instrument is essen- 
tially a “commercial” product especially designed for 
private use. 

Full descriptions of and specific operating instructions 
for the Amrad Quenched Gaps, all types, together with 
ceactigges of adjustable resistances, contained in Bul- 
etin 


To operate quenched gaps effi- 


ciently on 60 cycles a. c. an adjustable resistance must be 
used. We furnish three types of adjustable resistances. 
Prices and.description of complete mounted units and parts 


contained in Bulletin Q. 





AMRAD WAVEMETER 


Direct Reading 
Fights QRM 


Increases Your Range 


Over 90% of all amateur transmitters 
are out of resonance. How about yours? 
Nine chances out of ten you can increase 
your range by careful tuning. 

Too many stations are trying to trans- 
mit on wave lengths of approximately 
200 meters. You can operate much 
farther by tuning your transmitter to a 
lower wavelength. If you are troubled 
with QRM you can help the situation by 
encouraging others to do this. 

Do you know the wavelength of your 
antenna system? You must know it in 


order to secure the most efficient ratios 
of natural wavelength to loading in- 
ductance. 

Many amateur stations are transmit- 
ting on illegal wave lengths. Don’t 
guess at your wave length. Know it. 

For these important purposes use the 
Amrad Direct Reading Wavemeter. 
Range 130-230 meters. Always accurate, 
Bakelite top; built to last. Price, $6.50. 
If your dealer does not stock, order di- 
rect; enclose postage for two pounds. 
Immediate delivery. Description and di- 
rections in bulletin W. Send for it. 


Upon request we will enter on our monthly mailing list for one year the names 
of all active radio amateurs. To these we will send our catalog, now in prepara- 
tion, and all our latest bulletins as rapidly as printed for insertion therein. An 
extensive line of Amrad apparatus is under development. If there is no radio 
dealer in your town, ask for our list of Amrad retailers who stock our goods. 


AMERICAN [RADIO AND [RESEARCH (ORPORATION 


Factory and Laboratory 
Medford Hillside, Mass. 





19 Park Row 
New York 


Address all Communications 
te New York Office 











